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CHAPTER 1 
GENERAL INTRODUCTION 
AND 
AIMS OF THE STUDY 
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Pollen is produced by the seed plants, which include the gymnosperms (co-
nifers and related groups) and the angiosperms (flowering plants). Pollen 
grains are male reproductive haploid plantlets which produce two (angio-
sperms) or more (gymnosperms) sperm cells. After pollination (pollen land-
ing on the stigma) pollen grains function to transport the two sperm cells 
(male gametes) of which one fuses with the egg cell (female gamete). Pol-
lination should not be confused with fertilization, which means union of a 
sperm cell with an egg cell. Fertilization occurs later than pollination. 
Human allergic reactions can be caused by many environmental substances. 
Common carriers of allergenic substances include pollen, mold spores, human 
or animal dander, house dust or mites. However, the allergic response to 
pollen, called hay fever or pollinosis, is the most frequently recognised 
allergic syndrome. Symptoms are caused by exposure to windborne pollens in 
subjects allergic to them. Pollen primarily affects the mucous membrane of 
the upper respiratory tract. Clinically, hay fever is described as allergic 
rhinitis and/or conjunctivitis and is characterized by intense sneezing, 
nasal obstruction, watery eyes, itchy eyes and nose, and often coughing. 
Allergic reactions may occur in many different organs or tissues. If the 
lower respiratory tract is affected, the clinical reaction will be that of 
asthma. Other reacting organs may be the skin (atopic dermatitis and ur-
ticaria) or the gastrointestinal tract. The organ involved in the allergic 
reaction is commonly referred to as the "shock organ". Although the portal 
of entry of an allergen largely determines which shock organ will be in-
volved in the allergic reaction, remote reactions do also occur. 
The most important sources of pollen allergens are trees, grasses and 
weeds which have seasons in spring, summer and early autumn, respectively. 
The aim of the research described in this thesis is to get more insight 
into some medical and botanical aspects of pollinosis. The literature is 
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reviewed and discussed in the first part of the thesis (Chapters 2 and 3), 
and recent developments are emphasized. 
Growing insight into tissue mechanisms of pollinosis (Chapter 3) has 
tempted the medical profession increasingly to overlook equally basic deter-
minants in the morphology and ecology of pollen. Therefore, it seems timely 
to reexamine these complex allergen carriers, considering their generation, 
release and transport in the light of available study methods. In Chapter 2 
the literature on those aspects is reviewed and special attention is given 
to the aerobiology of pollinosis. 
Studies dealing with nasal physiology in health and in disease are few 
in comparison with those dealing with pulmonary physiology. This discrepancy 
arises from the relative degree of morbidity associated with pathological 
changes occurring in the upper as opposed to the lower airways. Although of 
less morbidity, the frequency of upper respiratory tract involvement is 
very high. Allergic rhinitis affects approximately 15Z of the population, 
and the common cold causes the greatests amount of absenteeism from school 
and work. Consequently, the study of nasal disease is important. Further-
more, since the nasal mucosa has many similarities with its more peripheral 
counterpart in the lung, it is probable that an improved understanding of 
pulmonary physiology can be obtained by studying the much more accessible 
part of the respiratory tract: the nasal mucosa. In Chapter 3 the litera-
ture on clinical aspects of pollinosis is reviewed with special attention 
to the pathophysiology of allergic rhinitis and conjunctivitis. 
The main purpose of our studies presented in this thesis (Chapters 4-9) 
is to extend the knowledge about pollen as far as relevant for a better 
understanding of pollinosis and to offer possibilities for a more precise 
characterisation of pollinosis patients. In this way therapeutic interven-
tion measures might also improve. 
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In Chapter 4 we report on our attempt to gain some insight into the rele-
vance of the various plant species as pathogens of pollinosis in the Ne-
therlands. In the same way this could be done for other countries or areas. 
Examinations to support the diagnosis of pollinosis often include skin tests 
performed with extracts of the pollen of a limited number of plant species. 
The same pollen extracts are available in different dilutions for treatment 
by hyposensitization. However, the composition of the list of commercially 
available pollen extracts is based upon general impressions of clinicians 
and biologists, rather than on objective research data. Using data from the 
medical and botanical literature extended with the data of the daily pollen 
lists of Leiden and Helmond, we tried to make an objective selection of the 
most relevant airborne and allergenic pollen species in the Netherlands. 
In principle, all grass species growing in the Netherlands are capable 
of giving rise to pollinosis. In Chapter 5 we tried to define which of the 
144 grass species growing in the Netherlands are of importance as pathogens 
of hay fever. 
Determination of grass-pollen grains down to genus level, and certainly 
down to species level is very difficult and according to the literature 
even impossible, because the grass-pollen grains look very alike, even with 
electron microscopy. Still, determination at these levels would be a valu-
able supplement to the daily pollen counts now performed in many places in 
Europe. In Chapter 6 we describe our results of the grass-pollen-grain 
determination study by incident U.V. light microscopy. 
The non-availability of accurate data in the literature concerning the 
start and duration of the grass-pollen season has resulted in a large spread 
in the beginning and duration of prophylactic treatment in comparable groups 
of hay fever patients. An accurate prediction of the start of the grass-pol-
len period would make it possible to give a closer definition of the period 
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when patients with pollinosis should take medication. If medication is 
started after pollinosis symptoms have developed, the so-called priming 
effect has already occurred. This means that at repeated pollen exposures 
less and less pollen is needed to cause the same severity of complaints. The 
resulting increase in mucous membrane activity during the first week(s) of 
the grass pollen season makes our investigation to ascertain as accurately 
as possible the beginning of the grass pollen season extra relevant. Exact 
determination of the starting data of the grass-pollen season has also 
diagnostic importance: symptoms of pollinosis developing prior to the grass-
pollen season cannot be ascribed to the pollen of grasses but must be due 
to plants flowering before them, e.g. black elder, birch and hazel, or to 
other allergens. In Chapters 7 and 8 we report on our studies of the predic-
tion of the start of the grass-pollen season for the western and southern 
part of the Netherlands. 
It is generally assumed that larger particles such as pollen grains (± 
30 |m) cannot penetrate into the lower airways. Yet a number of pollinosis 
patients develop pollen asthma during the (grass-Jpollen season. In Chapter 
9 we intend to discuss relevant determinants of deposition of particles in 
the airways and where this deposition takes place, and in view of recent 
literature data we will also attempt to achieve a synthesis concerning the 
vague relationship between pollen exposure and clinical symptoms of bronch-
ial obstruction. 
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CHAPTER 2 
POLLEN 
17 

2. POLLEN 1 
2.1. STRUCTURE AND FUNCTION OF POLLEN GRAINS 
The pollen grains form and transport the male gametes of plants. In the 
class of angiosperms (the flowering plants), which includes the grasses, the 
pollen grains are formed in the (four) thecae of the anthers (see Figs. 2.1, 
2.2 and 2.3). 
Figure 2.1. 
Mature, complete flower. Top 
figure shows one of the anthers 
enlarged and sectioned to show 
the pollen grains. 
(Muller 1979) 
Anrtor Ί 
> Stamen 
Filament I 
Receptacle 
At flowering time the stamens with their thecae become visible. The theca 
opens and the pollen can be transported to a stigma by wind, water or an 
animal. The stigma, on top of the style, is the landing spot and when a 
pollen grain lands there, pollination occurs. The first process to take 
place on the stigma is recognition of the pollen grain. This recognition is 
necessary to prevent acceptance of a pollen grain from the same flower or 
from the same plant, because there is a preference for pollen grains of 
the same species but coming from other individual plants. This form of 
pollination is called cross-pollination as distinct from self-pollination 
(Fig. 2.12). The recognition process therefore prevents self-pollination. If 
1
 Part of this chapter was previously published in Dutch (Driessen et 
al. 1988). 
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the pollen grain is accepted, it begins to form a pollen tube. This pollen 
tube grows down the inside of the style to one of the ovules in the ovary. 
The wall of the pollen grains, which surrounds the central region with 
the protoplasm and the nucleus, consists of an outer layer (the exine) and 
an inner layer (the intine). The intine is largely transparent, not resis­
tant to extraction techniques and generally unimportant for determination. 
The exine is highly resistant and is also the most important layer for the 
determination of the pollen; some pollen grains are completely smooth, 
others have small protuberances in the exine rendering the surface rough 
(Fig. 2.4). 
2.2. OCCURRENCE OF POLLEN GRAINS IN THE AIR 
During the flowering of grasses, the concentration of pollen grains in the 
air depends strongly on the meteorological conditions and the time of day. 
If these are favourable, the thecae open and the pollen is released. When 
the weather is warm, dry and clear, large amounts of grass pollen are re­
leased, while little pollen is released during cold and wet periods (Solomon 
1984). About precipitation, the following is known: rain before 6 a.m., 
provided the weather quickly becomes dry and sunny after that time, does 
not affect the pollen concentration in the air during the rest of the day. 
When more than 2 mm rain falls between 6 a.m. and б p.m., the number of 
pollen grains in the air decreases. When more than 5 mm rain falls between 
these two times on one day, no more pollen grains in the air are to be 
expected on that day (Davies et al. 1974). 
However, Solomon (1984) believes that the duration of the fall of rain 
affects the pollen concentration much more than the number of millimetres 
of rain falling on one day (between б a.m. and б p.m.). During rain and 
fog, no pollen is released because the wet anthers remain closed. Also, the 
rain drops wash the pollen out of the atmosphere in approx. 30-60 minutes. 
Research in Leiden and environs showed that masses of air coming in from 
source areas where vegetation was wet with rain or dew contain far less 
pollen than air from source areas with a dry vegetation (Spieksma et al. 
1986; den Tonkelaar 1986). 
The thecae do not release their pollen grains throughout the day; the 
process generally takes place in a few hours or even a few minutes. After 
the expulsion the pollen will become airborne, given sufficient wind speed. 
If wind speed is too low, the pollen will fall to the ground but may later, 
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Mieroiporocyte 
PolUn gram 
Figure 2.2. 
Development of microspores and 
pollen grains in an anther. The 
generative cell will eventually 
divide to form two sperms (male 
gametes) (Muller 1979). 
Pollen grain 
Sperm 
Tube cell 
nucleus 
Pollen lube 
Figure 2.3. 
Pollen grains on the stigma. One 
pollen tube is growing through 
the tissues of the stigma and 
style; the sperm cells are 
carried within this tube (Muller 
1979). 
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Figure 2.4. 
Schematic transverse section 
through the wall of a pollen 
grain. The structural elements 
are indicated on the right. The 
three outer layers which stain 
readily are together called 
ektexine. The central layer, 
the endexine, stains less readi­
ly. The piasmalemma is the cell 
membrane which forms the boun­
dary with the protoplast. (Modi­
fied from Solomon 1984) 
when wind speed increases, be raised again. This may cause formation of 
"pollen clouds": large amounts of pollen grains close together. 
Consequently, the air concentration of pollen grains may be very dif­
ferent in places only a few yards apart (Spieksma 1983a). The concentration 
of pollen grains also depends on altitude: as pollen grains ascend in the 
air their distribution in the atmosphere grows more and more homogeneous 
(Leuschner 1979). Raynor et al. (1973) found that the differences in ragweed 
(Ambrosia artemisiifolia) concentration at 1.5, 10, 20, 50 and 108 metres 
were considerable (factor 2-3) over brief periods (days, weeks, months) but 
very slight over a long period of five years. 
2.3. COLLECTION OF POLLEN GRAINS 
Pollen-collecting instruments operate according to one of the following 
principles: A) sedimentation due to gravity, B) aspiration and C) impac­
tion. 
A) Sedimentation due to gravity. For this purpose, a horizontally placed 
slide is used, covered with a thin layer of vaselin. This slide is placed in 
the open air beneath a shelter top. Descending pollen grains are caught on 
it and may be stained, identified and counted. The findings are expressed 
per 100 cm2 and per 24 hours. This method is called the Durham gravity 
slide. Disadvantages of this method are: the degree of deposition depends on 
J V_/ \J \J v. 
-Foot layer 
О · 
о 
о 
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the size and weight of the pollen grain, and the results cannot be expressed 
in m 1 of air, as it is no volumetric method. 
B) Aspiration. The operation of three pollen trap apparatuses (the Burkard 
spore trap, the Hirst spore trap and the Lanzoni spore trap) is based on 
this principle (Fig. 2.5) which is known as the volumetric method. No fur­
ther reference will be made here to the last-mentioned spore trap because 
it is not used in the Netherlands. 
Figure 2.5. 
Aspiration principle as applied 
in the Burkard and Hirst spore 
traps. The particles with too 
great a moment precipitate on 
the vaselin film. (After Bierman 
et al. 1980) 
- The Burkard spore trap (Figs. 2.6 and 2.7) constantly aspirates air at a 
rate of 10 L/min (-600 L/hr - 14.4 т3/24 hr). The air increases in velocity 
where it passes through the small aspiration aperture (14x2 mm). 
elder pip 
drui 
Figure 2.6. 
Schematic transverse section 
through the Burkard spore trap. 
Air is aspirated at A; the 
arrows indicate the further 
course of the air stream. The 
suction connection for the 
centrifugal pump is at the 
bottom of the apparatus. Single-
shaded parts revolve, cross-
hatched parts are fixed. (After 
Leuschner 1979). 
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Figure 2.7. 
The Burkard spore trap on the 
roof of the Leiden University 
Hospital. On the left, the vane, 
on the right (over the aspira-
tion aperture) the rain screen, 
below the centrifugal pump. The 
arrow points at the aspiration 
aperture. 
After this passage the air stream turns suddenly. All particles carried 
along with the air which have too great a moment to change direction pre-
cipitate on a cellophane film 40 mm in width. This cellophane film is co-
vered with vaselin or some other adhesive and is fixed to a rotating drum 
(see Fig. 2.6) which takes exactly one week (7x24 hours) to turn completely 
past the air intake aperture. Every week the film is taken from the appara-
tus and replaced by a fresh one. After staining, the pollen grains are 
identified and counted under the microscope. The mean concentrations of 
pollen grains per m3 of air per 24 hours are calculated for the various 
species, genera or families of plants. The mean concentration of pollen 
grains per m3 of air per 24 hours is found by counting the number of pollen 
grains on only one mm of the vaselin film of 14 mm width. This is explained 
as follows: 
on the vaselin film of 14 mm wide, the number of pollen grains from 14.4 
m3 of air precipitates; 
1 mm of this film therefore contains the mean number of pollen grains 
from approx. 1 m3 of air (Solomon 1984). 
The pollen grains aspirated by the apparatus are not distributed evenly 
over the film. Therefore, for a correct calculation of the mean concentra-
tion of pollen grains per m3 of air per 24 hours it is necessary to count 
the number of pollen grains on 1/3 mm in the centre and on 1/3 mm on both 
sides of the strip of 14 mm wide. After adding these three values the number 
of pollen grains on a total of 1 mm is known (Käpylä et al. 1981). 
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- The Hirst spore trap is an earlier version of the Burkard spore trap. 
With this apparatus, the pollen concentration is expressed as with the 
Burkard. The vaselin-covered slide (48x14 mm) in this apparatus has to be 
replaced daily. Currently the Hirst is hardly used anymore for research 
purposes. 
As regards construction and relevant internal dimensions, the two instru­
ments are identical (Burkard Manufacturing Co. Ltd: Personal Communication 
1985). For instance, both instruments are constructed in such a way that the 
aspiration aperture is made always to face right into the wind by means of 
the large wind vane (Fig. 2.7). An important difference, however, is the 
pump action: the Hirst spore trap includes a classical membrane pump with 
discontinuous action; the Burkard spore trap includes a centrifugal pump, so 
that air is aspirated continuously. Due to this difference in pump action, 
the Burkard spore trap is more effective aerodynamically. This means that 
during the same time interval, in spite of the same aspiration rate of 10 
litres per minute, the Burkard spore trap collects more pollen grains on the 
vaselin film than the Hirst spore trap. Consequently, the number of pollen 
grains collected per time interval is different for the two instruments. A 
conversion factor, to convert the numbers of pollen grains collected with 
the Hirst spore trap into comparable numbers collected with the Burkard 
spore trap, has been determined (Driessen et al. 1986b). 
С) Impaction. The best-known instrument based on this principle is the 
Rotorod. It consists of two fast-rotating slides driven by a motor. It is 
an accurate instrument but not suitable for continuous measurement. This 
method, widely used in the USA, is not used in the Netherlands and there­
fore not further discussed here. 
In selecting the location for a spore trap, a number of factors has to be 
taken into account, such as: 
- the composition of the flora in the immediate environment ; 
- high obstacles in the environment; 
- accessibility. 
According to Solomon (1984), a location at a height of approx. 15 m above 
the ground, not in the vicinity of high-rise buildings, is optimal. 
Since the vertical distribution of the concentration of the pollen grains 
is not homogeneous (see 2.2), measurement at a height of 15 m has the disad­
vantage that the results are not always representative of the number of 
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pollen grains to which humans, at the average height of approx, 1.70 m are 
exposed. A mini-pollen collector functioning according to the sedimentation 
principle and attached to a person's clothing naturally will reveal this 
exposure much more accurately. In Switzerland, Leuschner (1979) demonstrated 
that the data collected with such a mini-pollen collector differed signifi­
cantly both qualitatively and quantitatively from the values obtained with 
the Burkard spore trap at a height of 15 m. The data obtained with the 
mini-pollen collector also showed that pollen grains frequently occur in 
"clouds", which may be responsible for an attack of pollinosis. 
It is precisely in the lower air layers close to the sources (pollen-
producing plants) that, due to the discontinuous pollen emission on the one 
hand and to the marked fluctuations in wind speed on the other, pollen con­
centrations differ greatly, while at a somewhat greater height there is 
probably better mixing. Measuring at heights of 15 to 30 m therefore has not 
only drawbacks but advantages as well. We know of no research into optimal 
height. 
Daily spore counts have been carried out in Leiden and Helmond since 
1969 and 1975 respectively. Both measuring stations issue so-called pollen 
lists, stating the means (pollen grains/m3 of air) of about 40 plants for 
each 24-hour period. Interestingly, within, for instance, the family of the 
grasses (Poaceae), these pollen lists do not differentiate according to the 
grass species or even grass genera from which the pollen grains originate. 
Although slight morphological differences have been found between pollen 
grains originating from the various genera and species of grasses, it ap­
pears that these differences do not suffice to easily identify the many 
different species or genera of grass pollen grains (Driessen et al. 1989). 
2.4. THE RELATIONSHIP BETWEEN FLOWERING OF GRASSES, 
GRASS POLLEN CONCENTRATONS AND HAY FEVER SYMPTOMS 
Obviously, flowering of grasses is a necessary condition for the presence of 
grass pollen in the air. This quantitative relationship is therefore clear. 
The relationship between the amount of grass pollen/m3 of air/24 h on the 
one hand and hay fever symptoms on the other, is far from clear. Assuming 
that an adult inhales 10-20 m 3 of air every 24 hours and given the grass 
pollen concentration per m 3 of air per 24 hours at approx. 1.70 m above the 
ground, it appears at first sight that the grass pollen exposure should be 
easy to determine. This, however, is not the case. A study by Davies (19Θ5) 
(see Fig. 2.8) shows that the concentration of pollen over the 24-hour 
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period varies greatly. One cause of this is that as a rule pollen is emitted 
by the plant(s) in gusts, so its distribution in the air is not homogeneous 
at all: pollen moves in clouds. 
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Figure 2.8. 
The irregular fluctuations in 
the pollen concentrations per m 3 
of air during a 24-hour period 
(Davies 1985). 
Therefore it is of interest to know when the person whose exposure we want 
to determine has been outdoors or indoors, with the window open or closed, 
etc. Considering all this, we may expect only a general, not a direct cor­
relation between the mean pollen concentrations and symptoms of hay fever 
patients (Spieksma 1980,1983b). 
Another study also reports that there is only a weak relation between the 
mean concentration of pollen grains per m 3 of air per 24 hours, determined 
by means of the Burkard spore trap, and the frequency and severity of hay 
fever attacks (Leuschner 1979). 
As to the number of pollen grains required to cause hay fever symptoms, 
opinions vary greatly. Gronemeijer (1967) demonstrated that 3-5 pollen 
grains sufficed to provoke an attack of hay fever in very sensitive pa­
tients, while 50 or more were required in patients with an average sensiti­
vity. Connell (1969) computed from the measured ragweed pollen concentra­
tions in the air and the respiratory tidal volume that the exposure on the 
days with the highest counts amounted to about 6 ragweed pollen grains per 
minute. Davies (1969) considered a grass pollen concentration of one grain/ 
m
3
 of air sufficient for an asthma attack in patients with pollen asthma, 
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while for patients with just hay fever symptoms concentrations of > 20-30 
grains/m3 of air are often necessary. From provocation tests (carried out 
between October and March) in hay fever patients (pos. skin test, pos. 
anamnesis) his namesake (Davies 1985) even found that at least 1000 grains/ 
m3 of air were required before symptoms occurred. 
The marked differences in numbers of pollen grains reported by different 
investigators as required to cause symptoms are explained in part by the 
priming effect (Connell 1969). 
In the Netherlands there has been a daily radio bulletin for hay fever 
patients since 1977 (from May 1st to mid-July). This bulletin predicts 
whether the symptoms of hay fever patients will increase, decrease or remain 
constant, based on the weather forecast among other things (Spieksma 1980). 
2.5. PLANTS CAUSING HAY FEVER 
Most plants that may cause pollinosis belong to the species pollinated by 
the wind (anemophilous plants, Fig. 2.10), whereas plants fertilized by 
insect-borne pollen (entomophilous plants, Fig. 2.11) and self-pollinating 
plants (Fig. 2.12) only rarely cause an allergic reaction. The difference 
can be attrituted to the fact that anemophilous plants produce very large 
numbers of pollen grains unlike the entomophilous plants and self- pollinat-
ing plants that produce much smaller numbers of pollen grains. Also, the 
pollen of anemophilous plants is light and smooth-walled. The pollen of 
entomophilous plants, on the other hand, is relatively heavy, sticky and 
often very prickly to enable it to adhere to the insect. A survey of the 
characteristics of wind and insect pollination is given in Table 2.1. In 
Figure 2.9, a few pollen grains are sketched to illustrate the data in Table 
2.1. 
For a detailed discussion of the criteria a plant species has to meet to 
be classified as a relevant causative agent of hay fever symptoms, see 
Chapters <* and 5. 
Every country has its own range of plants that may cause hay fever symp-
toms. In the Netherlands, the vast majority of hay fever symptoms are caused 
by the grasses. Other anemophilous plants that may often cause pollinosis 
symptoms in the Netherlands are birch (Betula), alder [Alnus) and wormwood 
(Artemisia vulgaris) (Moelands et al. 1984; Spieksma 1983a; Oei et al.1986). 
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Pollen vector 
Designation 
Pollen grains 
wind 
anemophilous 
wind pollination 
light 
smooth-walled 
not sticky 
(no oil) 
Number of pollen very large 
grains per plant 
Flower 
Scent 
Example 
inconspicuous 
petals and sepals often 
hardly visible 
hazel, alder, grasses 
insects 
entomophilous 
insect pollination 
heavy 
surface rough or 
prickly 
sticky 
(oil) 
relatively small 
conspicuous 
petals and/or sepals 
often present 
fruit trees, roses, 
heather 
Table 2.1. Characteristics of wind and insect pollination. 
, J J-O 
Figure 2.9. 
Examples of entomophilous plant 
pollens (1-2) and of anemophilous 
plant pollens (3-4-5-6). 
1 - dandelion (Taraxacum sp.) 
2 - sunflower (Helianthus sp.) 
3 - red fescue (Festuca rubra) 
4 - timothy grass (Phleum pra-
tense) 
5 - b irch (Betula s p . ) 
6 - a lder M i n u s s p . ) 
(Vodehouse 1 9 5 9 ) . 
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Figure 2.10. 
Wind pollination. The pollen 
transport of these plants is 
entirely undirected. There-
fore, a large amount of 
pollen has to be produced, 
as appears from the large 
thecae. The perianth (sepals 
and petals) on the other 
hand, is very small and 
inconspicuous. 
Figure 2.11. 
Insect pollination. Transport 
of pollen of these plants is 
directed. Therefore, pollen 
production can be less than 
that of wind- pollinating 
plants. This appears from the 
relatively small thecae. On 
the other hand, these plants 
use relatively much biomass 
to attract insects: large 
conspicuous, usually coloured 
perianths (petals and se-
pals), nectar and scent. 
Figure 2.12. 
Self-pollination. The pollen 
of the stamen germinates on 
the stigma of the same flo-
wer. Pollen is transported 
over a short distance. Pol-
lination probability is 
therefore high and in general 
little pollen is produced. 
The dimensions of the peri-
anth with this form of pol-
lination are variable. 
In order to determine for a particular area which plants should be classi-
fied as potentially important causative agents of hay fever symptoms, the 
following three selection criteria have to be taken into acount: 
1. the frequency of occurrence of the plant in that area; 
2. the degree of pollen production; 
3. the mean largest diameter of the pollen grains. 
More information concerning the selection of potentially important causative 
agents of hay fever symptoms is given in Chapters 4 and 5. 
2.6. THE ANNUAL BEGINNING OF THE FLOWERING OF GRASSES 
Every plant has its own specific flowering period in the calendar year. The 
sequence in which individual plant species start flowering in a season is 
usually the same each year. In Louvain (1963-1974) the mean starting date of 
the chief pollen season of grasses was found to be 3 June. The date on which 
5Z of the annual total of grass pollen was counted was arbitrarily taken to 
be the starting date of the chief grass pollen season (Lejoly-Gabriel 1978). 
It appears, however, that the time when grass pollen is first found in 
the outside air precedes the beginning of this chief grass pollen season by 
far, for grass pollen is already present in the air from early April. This 
early start is caused by the presence of early-flowering grass species 
(Driessen et al. 1985a and b). This explains why hay fever symptoms may have 
their onset about the beginning of April, especially in persons who are 
specifically allergic to the grass pollen grains of the early-flowering 
grass species (Table 2.II). 
31 
The start of the flowering of grasses shows annual fluctuations. This 
start depends, inter alia, on a number of meteorological factors in the pre-
ceding period such as: the mean air temperature, the precipitation per day, 
total insolation, duration of insolation, the relative air humidity and the 
temperature amplitude (the difference between the maximal and minimal tempe-
ratures of a day) (Lejoly-Gabriel 1978). It is generally accepted that the 
order in which the different plant species flower is usually the same each 
year. 
.Aiopecurus pratensis 
Anthoxanthum odoraturn 
Arrhenatherum elatius 
Bromus hordeaceus 
Dactylis glomerate 
Festuca rubra 
Holcus lanatus 
Poa pratensis 
P. trivialis 
Meadow Fox-tail 
Sweet Vernal-grass 
Tall Oat-grass 
Soft Brome 
Cocksfoot 
Chewings Fescue 
Yorkshire Fog 
Smooth Meadow-grass 
Rough Meadow-grass 
Table 2.II. Early-flowering grass species that are potentially 
relevant as pathogens of pollinosis symptoms in 
the Netherlands. 
Chapters 7 and 8 contain more information on the various aspects of the 
start of the grass pollen season and also on the importance of an exact 
prediction of this start for the benefit of pollinosis patients. 
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CHAPTER 3 
POLLINOSIS 

3.1. INTRODUCTION 
Airborne pollen of trees, grasses and weeds are associated with seasonal 
patterns of allergic disease, whereas other airborne antigens like house 
dust mite, animal danders, home, workplace and hobby related materials 
usually cause perennial symptoms. Allergic rhinitis and other typical aller-
gic symptoms are therefore classified into the two subgroups of seasonal 
allergic rhinitis/conjunctivitis (hay fever) and perennial allergic rhini-
tis/conjunctivitis. The symptoms may be accompanied by bronchoconstriction, 
fever and exacerbation of allergic dermatitis, but they will not be dis-
cussed here in detail. In subtropical and tropical areas the pollen season 
and consequently hay fever may be perennial, although in those areas there 
is not as much pollen in the air due to a preference for biotic pollination 
in (subjtropical plants (Faegri et al. 1979). 
Because rhinitis and conjunctivitis are not lethal diseases, doctors 
often tend not to take the patients' complaints too seriously; but constant 
nasal and/or eye itching can disrupt daily activities completely. Rhinorrhea 
is socially unacceptable and a blocked nose can seriously disturb sleep -
often for the entire family. The nose symptoms caused by airborne pollen are 
usually accompanied by eye symptoms; there appear to be individual differen-
ces, so some pollen-allergic subjects are mainly "nose- responders" and 
others mainly "eye-responders". The reason for this difference is unknown 
(Mygind et al. 1986) . 
3.2. EPIDEMIOLOGY 
As clear-cut criteria for defining hay fever do not exist, knowledge of the 
epidemiology of hay fever is rather fragmentary. In most population studies 
today, the distinction between a normal and a diseased state is based on 
the patient's own information, and in most cases allergy testing is not 
included for practical reasons. Thus a distinction between pollen allergy 
and other forms of rhinitis cannot often be made with certainty. Moreover, 
hay fever is a disease whose prevalence and severity is determined by the 
effect of adverse environmental factors on potentially susceptible individu-
als. Therefore prevalence data are only relevant to the disease as defined 
in a circumscribed study group at a fixed period of time and, as a conse-
quence, extrapolation of data obtained from individual studies to establish 
the prevalence of hay fever in whole communities, countries or even con-
tinents is inaccurate (Turner 1987). 
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Differences in questioning can lead to very divergent results. By comparing 
the results of some Health Interview Surveys in the Netherlands, it was 
found that figures on prevalence of less serious chronic conditions like 
hay fever can differ up to a factor 5 (Van den Berg et al. 1989). The way 
the list of conditions is presented is determining. If the interviewer reads 
out the conditions one at a time, this leads to higher prevalences than if a 
checklist is handed to the respondent. 
3.2.1. Prevalence of hay fever in the general population 
One year's prevalence of hay fever in population studies varies from 5 to 
22Z. The figures from the Scandinavian countries are lower compared to other 
European countries and the United States. The reason for this is not clear 
but investigations concerning bronchial asthma show the same trend. 
In Sweden Kjellmann (1977) found a prevalence of hay fever in 7-year-old 
boys and girls of 6Z and 1.5Z respectively. In a Swedish twin-study (Ed-
fors-Lubs 1971) a cumulative prevalence of allergic rhinitis of 15Z in men 
and 14Ζ in women was found. As the mean age of the population was high (ΊΟ 
years), a high cumulative prevalence rate was to be expected. However, a 
reported cumulated frequency is often lower than the actual figure, as older 
people tend to forget disorders in their childhood. 
The Danish population study included 2,000 randomly selected adults (>1S 
years old). It was undertaken in 1978, by using an interview questionnaire 
about "hay fever and hay fever-like disease". An incidence rate of 1Z, a 1-
year period prevalence rate of 7Z, and a cumulative prevalence rate of 9Z 
were found. To further investigate whether the questions were understood 
correctly, about 70 randomly selected persons went through an investigation 
comprising allergy testing and a new questionnaire, filled in with the as­
sistance of a medical doctor. The results disclosed that 2/3 of those who 
claimed to suffer from "allergic rhinitis" really did have this condition. 
The 1-year period prevalence rate of allergic rhinitis in the adult general 
population in Denmark therefore can be estimated at about 5Z (Weeke 1987). 
In the Dutch Health Interview Survey including about 8,500 individuals 
(children and adults) each year, the 1-year prevalence of hay fever in the 
years 1986 to 1988 was 2.1Z, 2.6Z and 2.5Z respectively (Frenken F., CBS 
Heerlen, Personel Communication). Stratification to age or sex was not 
available. 
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3.2.2. Morbidity data in general practice 
Morbidity data from general practice are of course highly dependent upon the 
individual system of access and expenses for the patients. The British and 
Scandinavian primary health care systems provide free access without char-
ges. Therefore, comparisons can be made between these countries. In 1955, 
the 1-year prevalence rate of hay fever in UK was 5 per 1,000. In 1970, the 
number of patients consulting for the same condition was doubled to 10.6 per 
1,000. The overall consultation rate in British general practice did not 
increase during this period and the number of consultations per hay fever 
patient actually decreased from 2.5 to 1.5 per patient and year. Thus, the 
prevalence of hay fever in the period 1955-1970 increased considerably. The 
reason for this is not known, but it seems to correlate with the increase in 
allergic diseases as a whole (Weeke 1987). 
Figure 3.1 shows the 1-year period prevalence of allergic rhinitis dis-
tributed according to age and sex in Danish general practice (Pedersen et 
al. 1981). In this study 131 general practices were included covering a 
population of A50,000 persons in Denmark. 
1 1 1 1 1 1 1 I 
0 20 40 60 80+ years 
In the Netherlands the continuous morbidity registration project of the 
Nijmegen University Department of General Practice involves the daily re-
gistration of the morbidity presented in four general practices (± 12,000 
individuals). In terms of age and sex distribution this population hardly 
differs from the total population of the Netherlands. The 1-year prevalence 
(per 1,000) figures are presented in Table 3.1. 
In children the prevalence in boys is higher than in girls. The preva-
lence is highest among people of 10-40, especially the 20-29 group (Anon. 
1985). 
Figure 3.1. 
Prevalence rates of "allergic 
rhinitis" patients in Danish 
general practice distributed 
according to age and sex (Peder-
sen et al. 1981). 
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Age-groups 
0-l\ 5-9 10-14 15-19 20-29 30-39 40-49 50-59 60-64 65-75 75+ Total 
Prevalence 
male 0.7 11.3 15.0 16.4 12.5 14.θ 6.5 5.3 2.3 4.8 3.9 10.0 
female 0.0 5.0 10.6 5.7 16.9 11.5 11.6 6.1 7.0 5.2 1.3 9.0 
Total 0.3 8.3 12.9 11.2 14.6 13.2 9.0 5.7 4.8 5.0 2.3 9.5 
Table 3.1. The 1-year prevalence of allergic rhinitis, hay fever included, 
in general practice in The Netherlands (Anon. 1985). 
Another study was done in the Netherlands in the period 1978-1982 (Anon. 
1982). A Dutch network of general practices was set up for continuous mor­
bidity registration (Sentinel Stations). It covered 1Z of the Dutch popula­
tion. The participating general practitioners submitted a form every week on 
which certain illnesses and occurrences were reported. New patients suffer­
ing from typical hay fever were also registered. The number of new hay-fever 
patients per 10,000 inhabitants of the Netherlands was in 1978: 24; in 1979: 
32; in 1980: 26; in 1981: 20; in 1982: 24. The average in the period 1978-
1982 was 25 per 10,000 inhabitants. 
3.2.3. Factors influencing the development of hay fever 
The risk of developing hay fever depends on an inherited atopic predisposi­
tion and on the degree of exposure to pollen with a high sensitizing capac­
ity as stated earlier. In children with a double parental history of atopic 
disease the incidence of such disease was higher (42.92) than in children 
with a single parental history (19.8Z). In the latter category, however, 
the incidence was higher than in children without any parental history of 
atopic disease (12,52). Roughly speaking, a child's risk of developing an 
allergic disorder doubles if one parent is atopic and doubles again if both 
parents are affected (Kjellmann 1977). That the expression of allergic dis­
ease is not only a matter of heridity is illustrated in twin studies. For 
asthma the concordance in monozygotic twins is less than 20Z (Edfors-Lubs 
1971). Consequently, environmental influences like diets (milk, weaning, 
maternal diet), inhalent allergens and infections must also be important. 
Studies of the genetics of atopy, which have concentrated either on clinical 
disease expression or on total serum IgE, have not provided a coherent or 
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agreed model of heredity. Single dominant gene heredity and single recessive 
gene heredity as well as different theories of multiple gene heredity have 
been reported. Even placental transmission has been suggested. The inter-
pretations were complicated by the fact that the penetrance rate was un-
known, but seemed to be incomplete. The available data were insufficient to 
calculate the penetrance rate with a high reliability, and the estimates 
varied between 20-45 per cent. In addition, the environmental factors such 
as the degree of exposure to allergens, etc. were difficult to evaluate. 
Since environmental factors undoubtedly affect the presence and severity of 
the disease, it seems important to study atopy at the most basic level of 
IgE-responsiveness. In more recent studies atopy was considered as a general 
state of enhanced IgE-responsiveness which may cause an increase in antigen-
specific IgE-antibody levels with or without a high serum IgE. The familial 
occurrence of atopy defined in this way, is inherited as an autosomal domi-
nant character but its clinical expression depends on interaction with other 
factors, perhaps genetic and certainly environmental ones (Cookson et al. 
1988; Hopkin 1989). The relevant gene seems to be located on chromosome 11 q 
(Cookson et al. 1989). 
The prevalence of hay fever is twice as high in cities as in the country-
side despite the fact that pollen and other allergens are distributed equal-
ly. As air pollution is much higher in big towns with industries, cars and 
heating systems than in a rural environment this factor has often been 
indicated as the cause of these geographic differences. What is inconsistent 
with this hypothesis is that the seasonal symptoms of hay fever do not seem 
to be correlated to the period of the most serious air pollution, viz. the 
winter months. Only children under 1 year of age have more symptoms during 
the winter months, presumably due to more infections. The reason for the 
high frequency of hay fever in the cities is unknown and has to be clarified 
in the future (Weeke 1987). In a recent study by Charpin et al. (1988) the 
same prevalence rates were found for asthma and allergic diseases in urban 
and rural settings. So, this study does not support the hypothesis that 
there is an urban factor in asthma and allergic diseases. The higher pre-
valence of these diseases found in urban settings of the studies of several 
years ago could possibly be attributed to the larger difference in air pol-
lutant concentrations between urban and rural settings than in those days. 
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It is claimed that hay fever occurs more often in the higher social classes 
but this preference is certainly not as explicit as suggested by Blackley 
(1873). In some recent studies, like the Danish population study, there was 
even no significant covariation between hay fever and socioeconomic factors 
(Pedersen et al. 1981). 
Several studies have established that the month of birth is of significance 
for the development of hay fever (Suoniemi et al. 1981; BjOrksten et al. 
1976; Croner et al. 1986; Businco et al. 1988). Among pollen allergic rhini-
tis patients, especially boys, birth in March and April was significantly 
overrepresented and July until February underrepresented. The risk of devel-
oping hay fever is doubled in persons born in the spring. The reason why ex-
posure to pollens during the first few months after birth leads to an in-
creased risk of developing pollen allergy for the next decades is not clear. 
Currently, there is much interest in the effects of smoking by parents of 
allergic children as a predisposing factor for the development of allergic 
respiratory disease. Children exposed to cigarette smoke as a result of 
smoking mothers, have an increased frequency of respiratory illness (Ware 
et al. 1984; Weiss et al. 1980), but there is less evidence that exposure 
to cigarette smoke increases the risk of allergic sensitization in children. 
Kjellmann (1981) found that children in high-risk families (where both 
parents have atopic disease) had significantly higher total IgE-concentra-
tions at 9 and 36 months of age, if one or both of their parents smoked. In 
contrast to these results Ownby et al. (1988) found that children aged 2 to 
17, passively exposed to cigarette smoke owing to parental smoking, do not 
produce more IgE to common allergens. In this study, maternal cigarette 
smoking also resulted in increased respiratory symptoms in children. 
The newborn infant's cord blood IgE-level has been observed to be a reliable 
predictor for the development of atopy (Michel et al. 1980; Croner et al. 
1982,1986). In the latter study it was found that most infants with high IgE 
in cord blood developed atopic disease before the age of 18 months. A posi-
tive family history added no information to the predictive value of the IgE 
in cord blood. As IgE is not transmitted across the placental barrier, there 
are high and low IgE-responders already genetically coded at birth. A rapid 
rise in total serum IgE-level in the first two years of life may also be a 
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useful predictor for the development of atopy (Frick 1987). Selective fig-
ures for hay fever are not available so far. 
Thrombopenia in cord blood has also been mentioned as being indicative of 
intra-uterine sensitization (Magnusson et al. 1989). Until now it cannot be 
regarded as a useful complementary parameter to family history and cord IgE 
in predicting newborns at high risk of developing atopy. 
3.3. SEASONAL ALLERGIC RHINITIS (HAY FEVER RHINITIS) 
Rhinitis can be classified into the subgroups listed in table 3.II. 
1. Infectious rhinitis (purulent rhinitis) 
2. Seasonal allergic rhinitis (= hay fever - pollinosis) 
3. Perennial allergic rhinitis 
4. Perennial non-allergic rhinitis - vasomotor rhinitis (eosinophilic sub-
group, non-eosinophilic subgroup). 
Table 3.II. Classification of rhinitis (Mygind et al. 1985). 
Infectious and non-infectious rhinitis are usually separated by the macro-
scopic character of the nasal discharge: cloudy and milky/coloured, or clear 
and watery/mucoid. The distinction between allergic and non-allergic rhini-
tis can usually be made when history and skin tests point to inhalant aller-
gy. Allergic and non-allergic mechanisms often act in concert. Perennial 
rhinitis is seldom completely allergic or non-allergic; the mixed aetiology 
makes a strict classification difficult. 
The term "vasomotor rhinitis" is often used for non-infectious, non-
allergic rhinitis, because a positive term is preferable to a double nega-
tive. Non-allergic rhinitis, as a diagnostic term, is not explicit, because 
infectious rhinitit is also "non-allergic". Perennial non-allergic rhinitis 
or vasomotor rhinitis is a heterogeneous disorder of unknown aetiology. It 
consists of at least two subgroups. One is characterized by nasal eosino-
phil ia, frequent occurrence of nasal polyps, hyperplastic sinusitis, in-
trinsic asthma, intolerance to acetylsalicylic acid and good response to 
pharmacotherapy (antihistamines and especially steroids). The other subgroup 
usually does not have these characteristics. This subclassification is valid 
for comparison between groups, but is not always pertinent to the individual 
(Bisgaard et al. 1987; Mygind et al. 1965). 
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3.3.1. Pathogenesis 
We focus now only on the allergic rhinitis. The expression of the inimediate 
allergic reaction in the nose results from the cumulation of the following 
sequence of reactions: 1) exposure to antigen (allergen); 2) development of 
an IgE-antibody response to the antigen; 3) binding of the IgE to mast 
cells; 4) reexposure to the antigen; 5) antigen interaction with antigen-
specific IgE bound to the surface membrane of mast cells and basophils; 6) 
release of potent chemical mediators from sensitized mast cells and baso­
phils; and 7) action of these mediators on the nerves, blood vessels and 
mucous glands of the nose which causes the sneezing, rhinorrhea, and nasal 
congestion that are the main symptoms of allergic rhinitis (fig. 3.2). 
Ag + 
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Figure 3.2. Acute allergic rhinitis process (Naclerio 1988). 
The immediate reaction that occurs after ragweed antigen challenge in the 
nose of allergic patients is followed by a quiescent period lacking symptoms 
or mediator peaks. In many cases, a recrudescence of the symptoms and signs 
will be observed several hours later This is known as the late-phase reac­
tion (LPR); an inflammatory response usually occurring 3-8 hours after 
allergen exposure in allergic patients. The pathogenesis of this phenomenon 
is poorly understood The LPR is always part of a biphasic response, isola­
ted late reactions in the nose are not found (Togias 1988). In the nose a 
late reaction was first described by Taylor et al.(1971) and later by Peli­
kan (1978). Demonstration of a LPR in the nose has always been surrounded by 
controversy, because some investigators were able to demonstrate a LPR 
whilst others failed to do so. It is conceivable that a LPR, in terms of its 
inflammatory component, is not only apparent in specific locations, but is 
more likely a general allergen-induced phenomenon which is more or less ob­
vious at different locations (Pipkorn 1988) In the skin this biphasic re­
sponse was first described as early as 1922 by Cook, in the lung in 1972 by 
Booy-Noord et al. (1972) and in the eye only recently (Bonini et al. 1988). 
The LPR might represent the naturally occurring allergic disease much more 
closely than the acute response. This concept is substantiated by the fact 
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that a LPR in the nose is suppressed by pretreatment with oral steroids, 
whereas early reactions are not (Naclerio 1988). 
Twelve to 24 hours after the early phase, subjects with allergy can be 
rechallenged, and many will display increased symptoms and increased media­
tor release. 
3.3.1.1. Mediators 
Figure 3.3 represents a characteristic example of the events that follow 
nasal challenge of an allergic individual with ragweed antigen. 
Figure 3.3. 
An example of an immediate and an 
LPR to antigen challenge. 
(Togias et al. 1985) 
M U A S А Г Т Е І CMALLIBGC 
Although only histamine, TAME-esterase, PGDz and kinins are presented in the 
figure, other inflammatory mediators have been detected, as summed up in 
Table 3.III. 
ANTIGEN CHALLENGE Early phase Late phase 
Histamine 
TAME-esterase(s) 
Kinins 
PGDz 
Leukotrienes (С«,DA,E») 
MBP 
Other Prostaglandines 
Leukotriene В* 
+ 
+ 
+ 
+ 
+ 
NT 
+ 
Table 3.III. Mediators detected in nasal lavage fluids. 
(Togias et al. 1988) 
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Figure 3.4 shows that on pollen challenge the release of mediators occurs 
in allergic, but not in nonallergic subjects and correlates closely with 
sneezing. Histamine is preformed in the mast cells and basophils granules. 
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Figure 3.4. Comparison of sneezing and mediator release in 10 allergic and 
nonallergic, matched subjects. Because of inadequate sample 
size, only nine values are shown for histamine. 
Dots indicate maximal number of sneezes or maximal change in 
concentration of each mediator in nasal washes. 
Lines represent arithmetic means. (Naclerio et al. 1983). 
Although Naclerio et al. (1983) have furnished strong evidence that the 
nasal mucosa releases histamine following intranasal allergen challenge, 
Linder et al. (1988) found that the mean histamine concentration in nasal 
lavage fluids was significantly lower after intranasal birch pollen chal­
lenge than in prechallenge samples. The apparent conflict between these 
later observations and the role that is generally assumed to be played by 
histamine in the allergic response remains to be clarified. PGDz is the 
major cycloxygenase product of the arachindonic acid metabolism of mast 
cells and is not produced by basophils, making mast cells the prime can­
didate for the cellular source of mediators during the immediate reaction. 
TAME-esterase activity in the nasal fluids represents a mixture of the 
activity of plasma and glandular kallikrein and, to a lesser degree, mast 
cell tryptase, which can be a marker of mast cell degranulation. These 
kinin-forming enzymes appear in the nasal secretions together with kinino-
gens (derived mainly from serum protein), and are responsible for the forma­
tion of kinins. Kinins could thus be the product of kinin-generating enzyme 
from cells acting on kininogen derived mainly from serum proteins. 
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The source of leukotrienes in the nasal secretions is unknown, since many 
cell types present in the nasal mucosa, such as mast cells, basophils, 
eosinophils, neutrophils and macrophages are capable of generating those 
substances. Leukotrienes are membrane-derived products of the lipoxygenase 
pathway of the arachindonic acid metabolism. Radioimmunoassay analyses for 
leukotrienes in nasal secretions demonstrate that peptide leukotrienes 
appear simultaneously with other mediators during the allergic reaction, 
whereas non-allergic patients fail to generate leukotriene during challenge. 
Moreover, the amount of leukotrienes generated is proportional to the number 
of pollen grains in the challenge (fig. 3.5). 
Leukotriene C* (LTd) concentration in nasopharyngeal secretions of rag-
weed-sensitive children with allergic rhinits was measured during and after 
the ragweed pollen season (Volovitz et al. 1988). An increase in LTC* con-
centration was noted during the ragweed-pollen season. The seasonal varia-
tion of LTC* concentrations and the symptom scores of the children paral-
lelled the increase in the ragweed-pollen count. However, the decrease of 
LTC« concentration after the peak season was only partial, and some children 
continued to exhibit high concentrations of LTC«. after the decline in pollen 
counts from the atmosphere. The symptom scores of the children followed a 
similar pattern as the LTC«. concentration: parallel increase towards peak 
season and moderate decrease after the season (fig. 3.6). The persistence of 
clinical symptoms beyond the peak pollen season, may be explained by the 
"priming effect", a well-described phenomenon in allergic subjects (Connell 
1969). 
Major basic protein (MBP) is released by eosinophils on activation. It is 
a potent toxin for epithelial cells. With regard to the panel of mediators 
obtained in the immediate reaction and the LPR of experimental allergic 
rhinitis, a difference is noted in PGDz (fig. 3.3 and table 3.III). Levels 
of all the mediators, except PGDz, increase again during the LPR, after hav-
ing declined after the initial phase. Leukotriene Cft (LTC») concentration in 
nasopharyngeal secretions of ragweed-sensitive children with allergic rhi-
nitis was measured during and after the ragweed-sensitive pollen season 
(Volovitz et al. 1988). An increase in LTC& concentration was noted during 
the ragweed-pollen season. The seasonal variation of LTC* concentrations and 
the symptom scores of the children parallelled the increase in the ragweed 
pollen count. However, the decrease of LTC* concentration after the peak 
season was only partial (fig. 3.6). Although PGDz may come from several 
cell types, it is not generated by basophils, as a consequence these cells 
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Figure 3.5. The release of sulfidopeptide leukotrienes into nasal washes of 
allergic patients challenged with increasing numbers of pollen 
grains. Each curve represents a different subject. Triangle 
illustrates the lack of response in four nonatopic control 
subjects. Leukotrienes were quantified by RIA after extraction 
with ethanol. Washes 1 and 2 took place after extraction with 
ethanol. Washes 1 and 2 took place after challenges with lac-
tose (Norman 1985). 
B«for· During 
Rogweed Polltn Sioton 
Figure 3.6. Relationship of the mean atmospheric pollen counts per square 
meter (> ·) to the mean LTC* concentrations (Cl· •) in 
nasopharyngeal secretions and to the mean symptom scores 
(o -o) of all children before, during, and after the peak 
ragweed season (Volovitch et al. 1988). 
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are the prime candidate for the source of at least part of the mediators 
found in the LPR lavage fluids (Norman 1985; Togias et al. 1988). 
Patients with ragweed hay fever will demonstrate a prevalence of 37 to 
50Z of the LPR, dependent on the criteria used concerning increase in symp-
toms and mediators. 
The precise role of all the individual mediators mentioned here in the 
pathogenesis of the allergic response is unclear. The redundancy of the 
systems involved will also make any precise evaluation of the contribution 
of each mediator to the allergic response very difficult, even when specific 
antigonists for each of the mediators become available (Pipkorn 1989). 
3.3.1.2. Mediator cells 
The principal mediator cells of the early phase reaction (EPR) in allergic 
rhinitis are the mast cells. In the nose they can be identified in secre-
tions, in the epithelium and beneath the basement membrane. The distribution 
of these cells in the nasal mucosa changes after allergen exposure, though 
the total number may not increase. The mast cells migrate into the epithe-
lium onto the mucosal surface (Enerbäck et al. 1986). This change in the 
cell distribution seems to reflect the activity of the disease. The mast 
cells residing close to the epithelium will react with the allergen and 
release biochemical mediators, which increase the epithelial permeability 
facilitating the penetration of allergens into the nasal mucosa. During the 
LPR a number of inflammatory cells appears to populate the surface of the 
nasal mucosa. The pattern of this influx is highly variable among allergic 
individuals, as is the case for mediators. Eosinophils demonstrate a sig-
nificant increase in the nasal secretions within 1 to 2 hours after antigen 
challenge and reach their peak after 7 to 10 hours. The levels of major 
basic protein (MBP) in the LPR correlates with the eosinophil influx. Neu-
trophils enter the nasal secretions somewhat later than eosinophils, but 
they represent the greatest number of infiltrating cells in the LPR. Their 
significance, however, is uncertain. Mononuclear cells also increase, albeit 
not significantly, 9 to 10 hours after antigen challenge (Togias et al. 
1988). 
Recently, it has been demonstrated that during the LPR there is an influx 
of basophils into the nose, and these basophils represent an important 
source of histamine and other mediators observed in the LPR. Topical steroid 
pretreatment blocked the increase in mediators in the LPR and also blocked 
the influx of basophils into nasal lavages obtained during the LPR. The 
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number of basophils recovered is lower than one would expect for the level 
of histamine, measured in the lavage fluid. Several factors could contribute 
to an underestimation of the number of basophils recovered by lavage, in-
cluding losses during processing, degranulation and thus lack of staining 
during the late response, incomplete removal of cells from the epithelial 
surface, or release of histamine from basophils within the mucosa. It can 
be hypothesized that mast cells also contribute to the observed histamine 
release in the LPR. However, only histamine and not PGDz is present in nasal 
lavage fluid during LPR, and stimulated mast cells release both histamine 
and PGDa. For mast cells to release histamine but not PGDz during LPR, a 
novel stimulus réponse profile would have to be postulated. It is also 
possible that PGDz was generated but was metabolized (Bascom et al. 1988). 
3.3.1.3. Nonspecific enhancement of allergic reactions 
Nasal priming 
(- allergen-induced nasal specific and aspecific hyperreactivity) 
A ragweed-sensitive patient with normal nasal function responds to pollen 
exposure out of season with modest swelling and hyperemia. During the hay 
fever season, when the mucosa is already swollen and hyperemiс, an addi­
tional exposure to pollen elicits a severe reaction. Connell (1968, 1969) 
exposed ragweed-sensitive patients on successive days to pollen in suffi­
cient amount to invoke symptoms, and found that comparable reactions could 
be induced with less pollen each following day. This effect, which he called 
"priming effect", was nonspecific and local. Repeated exposures to one 
pollen induced overreactivity to another immunologically unrelated pollen. 
If one nostril was exposed, the unexposed nostril did not become primed. 
Biopsy specimens of the mucosa after such repeated exposures demonstrated 
eosinophil infiltration and basement membrane changes. Connell suggests that 
priming results from an increased permeability of the mucous membrane, which 
allows the allergen to penetrate more readily into the target cells. Al­
though it is conceivable that part of the changes in responsiveness is due 
to changes in barrier function of the mucous membrane, it is now accepted 
that the complete pathogenesis of the increased responsiveness is still 
unclarified (Pipkorn 1988). In this context it is also of interest to point 
out that this feature is not a general phenomenon of the allergic reaction 
(like LPR), but limited to certain sites. Immediate or LP dermal allergic 
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reactions are not followed by an increase in local responsiveness to rechal-
lenge with specific or unspecific agents (Andersson et al. 1988). It was de-
termined whether the priming effect could be caused by histamine, which is 
the most important biochemical mediator of allergic rhinitis. As the nasal 
response did not change with consecutive provocations, it was concluded that 
histamine was not responsible for the allergen-induced "priming" of the na-
sal mucous membrane (Grtfnborg et al. 1986). 
The experiments by Connell were repeated by Togias et al. (1988) although 
levels of mediators in the lavage fluids were now included (fig. 3.7). 
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Figure 3.7. Initial challenge and rechallenge mediator response in a 
group of 13 allergic volunteers. The vertical dashed line 
indicates that 11 hours have elapsed between the last step 
(1.000 protein nitrogen unit [PNU]) of the initial challenge 
and rechallenge. Note that the dose of antigen used in the 
rechallenge is 10 PNUs, which is the lowest dose of the 
initial, three-step, provocation. NS - not significant; 
*p<0.05; **p<0.01. (Togias et al. 1988). 
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They also found that the rechallenge reaction was significantly inten-
sified with regard to symptoms and to the levels of mediators in the lavage 
fluids, as compared to those obtained with the same antigen dose in the 
initial challenge. This phenomenon became even more obvious when the dose-
response curve to antigen is repeated every 24 hours for three consecutive 
days. In that case, a significant shift in the dose-response curve is ob-
tained, and a large percentage of the participating volunteers become able 
to respond in the laboratory to antigen doses that could easily be inhaled 
during the ragweed hay fever season within minutes of natural exposure 
(Wachs et al. 1987). The phenomenon of the nasal priming can provide the 
means to close the gap between experimental antigen challenge and the natu-
rally occurring allergic disease with regard to the doses of antigen used. 
As illustrated in figure 3.7, the only mediator not following the inten-
sification trend is PGDz. This suggests that the pathogenesis of the LPR and 
priming may be closely related. The observation that an obligatory link 
between priming and the occurrence of a LPR does not appear to exist, is not 
consistent with this (Iliopoulos et al. 1987). 
In a study by Andersson et al. (1987) it was found that priming could be 
induced in two-thirds of the hay fever patients studied. No correlation was 
found between the increased responsiveness and the size of the initial im-
mediate reaction either in the nose or in the skin, or the presence or size 
of any late-phase dermal reaction. Glucocorticosteroids have been shown to 
ameliorate the induced hyperreactivity (Pipkorn et al. 1986). As oral glu-
cocorticosteroids seem to have no effect on the immediate allergic reaction 
(Pipkorn et al. 1987), it has been suggested that this feature of glucocor-
ticosteroids is one important mode of action of this drug. 
Another method to show the nasal priming effect is demonstrated in figure 
3.8. A plot is given of daily pollen counts obtained during the ragweed 
season by the Ogden semiquantitative sampler and the symptoms reported by 20 
patients with ragweed hay fever who lived in one area. As the season pro-
gresses, there appears to be a gradual increase in severity of symptoms re-
ported in relation to pollen count (Norman et al. 1985). Although this phe-
nomenon can also be attributed to the introduction of other allergens in 
September such as mold spores, it may equally well represent the priming as 
described by Connell. 
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Figure 3.8. Average daily symptom scores of 20 untreated ragweed sensitive 
patients and pollen counts of the Ogden pollen sampler during 
the ragweed pollination season in the Baltimore area. 
(Norman et al. 1985) 
Noxious stimuli that have nothing to do with allergy like cold dry air, 
high levels of inhaled irritants, the smell of cooking, printing ink, per­
fumes or smog can induce mucosal hyperemia, swelling and hypersecretion in 
sensitive patients. Some of these stimuli may act through mediator release 
triggered by nonimmunological mechanisms. For instance, Togias et al. (198Θ) 
found that patients subject to nasal stuffiness and hypersecretion on ex­
posure to cold, would react in the laboratory to nasal challenge with cold 
(3-10oC), dry (10Z relative humidity) air, not only with characteristic 
symptoms but also with the appearance of mast cell / basophil mediators in 
secretions. The role of mediator release in response to other nonallergic 
stimuli has yet to be explored. This phenomenon is called nonspecific hyper­
reactivity of the nose. 
Holmes et al. (1951) and Wolf et al. (1950) noted that emotional stimuli 
acted in the same way. Persons exhibiting nasal hyperfunction caused by 
pollen exposure responded with enhanced reactions when they were subjected 
to a conflict situation during an interview. 
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The above-mentioned patterns lead to the conclusion that the nose can react 
only in one way to a variety of stimuli, and that these stimuli may act in 
concert (Norman 1985). 
3.3.2. Clinical presentation 
At least three typical symptoms can be recognised in the clinical presen­
tation of allergic rhinitis, namely sneezing, rhinorrhea and nasal conges­
tion (fig. 3.9). 
Nasal itching results in serial sneezing and rhinorrhea necessitates the 
constant use of a handkerchief. The nose can produce 20 ml/hour. Congestion 
gives the patient a nasal voice and makes him feel "stuffy in the head". 
Patients can be subgrouped according to their principal and most annoying 
symptom in "sneezers" (especially sneezing), "nose blowers" (especially 
discharge) or "blockers" (especially blockage). These subgroups show dif­
ferent responses to medication (antihistamines, steroids). Some patients 
complain of itching of the throat or soft palate indicating that the mucoci­
liary system has transported allergens to the nasopharynx. Itching in the 
ears is due to the common innervation of the pharyngeal mucosa and the ear 
via the glossopharyngeal nerve. 
pharyngitis 
ear pruritus 
conjunctivitis 
nasal pruritus 
sneezing 
obstruction 
rhinorrhea 
0 2 0 4 0 6 0 8 0 1 0 0 
Percent patients with symptom 
Figure 3.9. Frequency of occurrence of symptoms during nasal challenge in 
a l l e r g i c i n d i v i d u a l s . Only p a t i e n t s present ing a pos i t ive 
chal lenge were included in the f igure (Lebel e t a l . 1988). 
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Drainage of nasal mucus into the pharynx results in frequent attempts to 
clear the throat by a dry cough sometimes resulting in hoarseness. Head-
ache, painful paranasal sinuses and recurrent epistaxis can accompany aller-
gic rhinitis. It is also important to inquire into less prominent symptoms 
like mouth breathing, especially at night and its consequences such as sore 
throat, snoring, disturbed sleep, sleep apnoea and daytime fatigue. Also a 
reduced sense of smell and with that a reduced sense of taste can occur. 
Symptoms occurring during pollinosis are the same as in the course of a 
nasal challenge with pollen grains. Lebel et al (1988) tried to assess the 
response to nasal challenges by means of a symptom score (Table 3.IV). 
A score of 2 5 was considered enough for a positive challenge. Patients 
who had a positive challenge presented rhinorrhea in 1002 of the tests, 
nasal obstruction in 97Z of the tests, and sneezing or pruritus in 50Z to 
601 of challenges. Nonnasal symptoms were observed in < 30Z of challenges 
(fig.3.8). 
SYMPTOM SCORE 
Sneezing 
3-4 1 
> 5 3 
Rhinorrhea 
Anterior and moderate 1 
Posterior 1 
Both symptoms 2 
Important anterior and posterior 3 
Blockade 
Patient can breathe freely 0 
Patient can only breathe 
with difficulty (changing 
frequency and depth) 1 
One nostril is blocked 2 
Both nostrils blocked 3 
Pruritus 
Nose 1 
Palate or ear 1 
Conjunct! vit ÍS 
Table 3.IV. Symptom score after nasal challenge 
with pollen grains (Lebel et al. 1988). 
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To measure the exact severity of rhinitis it is recommended that scores 
indicating the course of individual symptoms (sneezing, rhinorrhea and con-
gestion) are not combined into a summed score, but that the patient's over-
all rating of the condition is used. Scores for individual symptoms can be 
used to draw more detailed conclusions about nasal pathophysiological fea-
tures and about qualitative dissimilarities between different therapeutic 
methods. If the score for each symptom is registered on a four-grade scale: 
absent, slight, moderate or severe, and the numbers for the different grades 
of severity are summed, three unrealistic assumptions are involved: 1) that 
the steps between adjacent grades are equal; 2) that a given grade is equal-
ly disturbing to the patient regardless of whether it refers to sneezing, 
rhinorrhea or congestion, and 3) that a given grade of one symptom reduces 
the sense of well-being to an equal extent in patients with maximal or 
minimal grades of the other two (Linder 1988). Other symptoms like nasal 
itching or the volume of nasal secretion can also be included, although 
every summed score will run the risk of excluding relevant symptoms while 
the patient's own overall rating will automatically cover all aspects. Many 
diary cards have been designed for detailed and precise scoring of daily 
nasal symptoms. The pollen count should always be included for comparison 
of complaints and pollen exposition during the season (fig. 3.8) and espe-
cially to compare the symptoms from year to year. 
3.4. SEASONAL ALLERGIC CONJUNCTIVITIS (HAY FEVER CONJUNCTIVITIS) 
Allergic conjunctivitis can be, like allergic rhinitis, seasonal (pollen) 
or perennial (animal dander, mite) (Dart et al. 1986). Conjunctivitis is 
generally a more prominent component of seasonal than of perennial disease. 
The eye symptoms, caused by airborne pollen allergens, are usually accom-
panied by nasal symptoms. Although allergic conjunctivitis is the most com-
mon cause of ocular inflammation, other causes should always be considered 
to prevent severe eye damage. As allergic conjunctivitis is the ocular ana-
logue of allergic rhinitis, the information here will be brief. 
3.4.1. Pathogenesis 
Some structures of the eye like the conjunctivae and the eye lids are in 
close contact with the external environment and are well supplied with in-
flammatory cells: neutrophils, lymphocytes, mast cells, macrophages and 
plasma cells. With allergic disease eosinophils and basophils may appear. 
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Other structures of the eye like the cornea, lens, iris and retina, in con­
trast, are devoid of mast cells. The cornea has no mast cells at all. It is 
a dense, nearly inpermeable structure with neither blood vessels nor immune 
cells. Consequently the cornea is usually not patrolled by lymphocytes. Also 
activated immune cells from elsewhere cannot easily reach the cornea to 
induce a local reaction. The tissues surrounding the cornea (conjunctiva 
and lid structures), however, are rich in blood vessels and elements of the 
immune system, including mast cells. Defence of the cornea, lens, iris and 
retina seems to be carried out by the neighbouring tissues (Allansmith et 
al. 198Θ). 
The antigens of airborne pollen presumably dissolve quickly in the tear 
film and make contact with the IgE-antibody affixed to mast cells in the 
conjunctiva. The released histamine and other biochemical mediators are 
responsible for the symptoms and signs of allergic conjunctivitis. Histamine 
dropped into the conjunctival sac of the eye produces itching and redness, 
indistinguishable from hay fever, indicating that histamine could be an 
important mediator. The marked effect of Hi-antihistamine in allergic con­
junctivitis provides more evidence for the important role of histamine (My-
gind 1986). The relationship between histamine concentration in the tear 
film and the severity of allergic eye signs and symptoms is not simple. In 
general there is not a good correlation between histamine concentration in 
the tear film and the symptoms. Only in patients with vernal conjunctivitis 
the tear histamine was increased above the level of normal controls or the 
level of patients with other types of ocular inflammation (Abelson et al. 
1980). Tear histamine levels were also measured in patients with allergic 
conjunctivitis who were challenged when symptom-free. Allergen challenge 
caused an increase in the amount of tear histamine in only two-thirds of the 
patients. The increase in histamine content of the tears occurred in both 
the challenged and the contralateral unchallenged eye, the increase being 
equally high on both sides. Histamine release in the challenged eye was 
considered to be a local conjunctival response, whereas that in the con­
tralateral eye was possibly induced by some sympathetic mechanism in the 
lacrimal gland (Easty 1987). 
Also the production of leukotrienes has been monitored in tear fluids 
following a conjunctival provocation test. Analysis by high performance 
liquid chromatography showed the presence of LTC*, LTD«, LTE* and also LTB* 
in the tear fluid. These results indicate that leukotrienes are released in 
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vivo following allergen challenge and may be important in allergic conjunc­
tivitis (Bisgaard et al. 19β5). 
The LPR that has been clearly identified in allergic reactions of the 
skin, nose and airways, has not been incontrovertibly established in human 
conjunctivae (Allansmith et al. 1988). 
3.4.2. Clinical presentation 
Symptoms usually consist of low-grade ocular and periocular itching, tear­
ing, burning, stinging, photophobia, and redness. Itching and redness appear 
to be the most consistent symptoms. Eye itching is one of the most trouble­
some symptoms of hay fever and interferes profoundly with daily life. The 
pruritus is mainly located in the medial ocular angle, where the pollen 
grains are concentrated by blinking. Although symptoms persist throughout 
the allergy season, they are subject to exacerbations and remissions depend­
ing on the weather and the patient's activities. Symptoms are generally 
worse when the weather is warm and dry. Cooler temperatures and rain tend to 
alleviate symptoms (Mygind 1986; Friedlaender 1985). The patients usually do 
not complain of mucus in the eye or of the eyelids stuck together on awaken­
ing. Such excess mucus and neutrophil and fibrin production are more typical 
of vernal conjunctivitis/keratoconjunctivitis (Allansmith et al. 1988). 
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4.1. SUMMARY 
A list of the principal airborne and allergenic pollen species in the Neth-
erlands was compiled on the basis of the pollen lists of Leiden and Hel-
mond, the Leiden pollen calendar, the hour-square frequencies of the species 
in question in the Netherlands and the degree of allergenicity of the extent 
known. Twenty-two trees and shrubs, 9 herbs and 32 grasses were selected. 
4.2. INTRODUCTION 
A person can only develop pollinosis when he is exposed to pollen with al-
lergenic properties. The severity of the symptoms depends in part on the 
frequency of exposures and on the amount of pollen per exposure. Most ex-
posures will be to pollen present in the air in relatively high concentra-
tions. In practice this means that pollinosis is mostly caused by plants 
that depend on the wind for cross-fertilization: the wind-pollinating spe-
cies. In the months of June and July these are mostly the grasses. Of very 
many plants occurring in the Netherlands it is not known whether they pro-
duce pollen with allergenic properties and if so, to what extent. In the 
compilation of the list of the principal airborne and allergenic pollen 
species the criterion in the first instance was that the pollen had to oc-
cur in the Netherlands in the air at a certain minimal concentration. 
Occurrence in the air depends, apart from meteorological variables, on 
the weight/surface ratio of the pollen: small, light pollen will more rea-
dily be carried by wind than relatively large and heavy pollen. 
The texture of the surface might also be relevant to dissemination by 
the wind. However, differentiation in texture is a far from constant feature 
of wind-pollination species; it is probably of only little importance for 
dissemination by wind. 
The list of the principal airborne and allergenic pollen species in the 
Netherlands was compiled on the basis of 1) the pollen lists of Leiden and 
Helmond, 2) the Leiden pollen calendar, 3) the hour-square frequencies of 
the species in question in the Netherlands and It) the degree of allergeni-
city of the extent known. 
4.3. POLLEN LISTS OF LEIDEN AND HELMOND, 
THE NETHERLANDS (Fig. 4.1) 
Pollen can be collected from the air using pollen-trapping devices; after 
determination, the concentration in the air of the various pollen species 
can be calculated (in numbers per cu.m. of air). In the Netherlands, such 
analyses are performed daily in hospitals in Leiden and Helmond. 
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Figure 4.1. 
Pollen has been collected 
Leiden and at Helmond, the 
Netherlands. 
Table 4.1 lists the various pollen species of which the mean concentra­
tions per 24-hour period are reported in Leiden and Helmond. A striking 
aspect of the table is the enormous difference in taxonomie categories, 
varying from species to whole families. In one case (Cupressaceae and Ta­
xus), several classes are even combined. This classification, curious though 
it may seem at first sight, is the result of the difficulty of determining 
pollen: sometimes this is possible to the species level, at other times only 
to the family level, and it may even be impossible to distinguish classes, 
as in the case of Cupressaceae and Taxus. 
The occurrence of pollen in the air varies greatly: some species are en­
countered only sporadically, others occur in very large numbers. The occur­
rence of pollen of particular species is in general limited to a fixed, 
shorter or longer period of the year, the flowering time of that species. 
Sporadically occurring pollen will contribute little or nothing to the 
causation of polllnosis and may therefore be disregarded here. Application 
of inclusion criteria is based on the observations in the period 1983-1985, 
at pollen monitoring stations in Leiden and Helmond. An arbitrary limit has 
been set: included are those species (or groups of species; taxa), which 
accounted for at least 10Z of the monthly mean calculated for the whole 
year. The latter condition was met by Corylus avellana and Castanea sativa. 
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Cory 1 us 
Al nu s 
Cupressaceae 
[Umus 
Populas 
Forsythia 
Fraxínus 
Salix 
Betuia 
Car pinas 
ИіррорЬав 
Fagas 
Quercus 
Aesculus 
Jug lans 
Acer 
Platanus 
Pinus 
Ilex 
Sambucas 
Castanea 
Tilia 
Ligustrum 
Hazel 
Alder 
Cypress family and Yew family 
Elm 
Poplar 
Spring Bells 
Ash 
Willow 
Birch 
Hornbeam 
Sea Buckhorn 
Beech 
Oak 
Horse Chestnut 
Walnut 
Maple 
Plane 
Pine 
Holly 
Elder 
Spanish Chestnut 
Lime 
Privet 
Poaceae 
Juncaceae 
Cyperaceae 
Ericaceae 
Rosaceae 
Melandriurn 
Asteraceae 
Ranunculaceae 
Apiaceae 
Brassicaceae 
Rumex 
Plantago lanceolata 
Plantago media 
Plantago major 
Urtica 
Chenopodiacae 
Typhaceae 
Fabaceae 
Impatiens 
Artemisia 
Hamulus 
Filipendula 
Grasses 
Juncaceae family 
Cyperaceae family 
Ericaceae family 
Rosaceae family 
Red Campion 
Asteraceae family 
Ranunculaceae family 
Apiaceae family 
Brassicaceae family 
Sorrel 
Ribwort Plantain 
Hoary Plantain 
Great Plantain 
Nettle 
Goose-foot family 
Reedmace f and. 1 y 
Fabaceae family 
Balsam 
Mugwort 
Hop 
Dropwort 
Table 4.1. Plant taxa according to the daily pollen count list of the Labo­
ratory for Aerobiology, Leiden University Hospital. The numbers 
provided are mean counts per 24-hour period per ± 1 cu.m. of 
air, 0.00 to 24.00 hours (MET). Instrument: Burkard. 
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4.4. T H E LEIDEN POLLEN C A L E N D A R (Fig. 4.2) 
Of the families in question, the species list includes all genera and of 
these all species, even when these taxonomie groups cannot be differentiated 
by pollen morphology in the routine daily counts. However, if a particular 
species does not flower in the period indicated in the Leiden pollen calen-
dar, that species is not included. 
4.5. THE HOUR-SQUARE FREQUENCY CLASSES (HSFC) 
The area for which we studied the relevance of plant species as pathogens of 
pollinosis is the Netherlands. As a measure of occurrence in the Nether-
lands we used the hour-square frequency classes (HSFC), listed in the "Stan-
dard List of the Flora of the Netherlands" (Van der Meijden et al. 1983). 
These HSFC were determined by dividing the Netherlands into 1677 squares 
measuring 5x5 km, as shown in Fig. 4.3. These squares are called hour-
squares because it takes one hour to walk down the length of one side of a 
square. The number of hour-squares in which a plant species occurs is called 
the hour-square frequency of that species. Whether a species is encountered 
once or many times within an hour-square is irrelevant. On the basis of 
hour-square frequencies a classification into nine classes (Table 4.II) 
has been made: the so-called hour-square frequency classes (HSFC), which 
range from class 1 (exceptionally rare) to class 9 (very general). 
Hour-square Class limits Classification 
frequency (number of 
class hour-squares) 
1 
2 
3 
4 
5 
6 
7 
8 
9 
1 
4 
11 
30 
80 
190 
411 
711 
1211 
3 
- 10 
- 29 
- 79 
- 189 
- 410 
- 710 
-1210 
-1677 
exceptionally rare 
extremely rare 
very rare, or rare and 
rare 
fairly rare 
fairly general locally 
fairly general 
general 
very general 
Table 4.II. Frequency classification of plant species on the basis 
of the number of hour-squares in which these species 
occur in the Netherlands (Mennema et al. 1980). 
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I 
I P O L L E N C A L E N D A R 
1977 1986 
log decade means 
( in exp classes) 
-Typhaceae 
_ Castanea 
• Ligustrum 
Tilia' 
„Plantago 
Figure 4.2. Leiden pollen calendar. The figure lists, in exponential clas-
ses, the logarithmic means of the decade totals (totals of 10 
mean daily concentrations) for 10 years, measured in Leiden 
(University Hospital) using a volumetric pollen trap (Burkard). 
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As an arbitrary selection criterion we held that a plant species was to 
have an HSFC of 7 or more in order to be considered relevant as a major pa­
thogen of pollinosis in the Netherlands. A plant species thus had to occur 
in more than AIO hour-squares to meet this criterion. Application of this 
criterion gave a significant reduction of the species list. 
Although the HSFC takes only wild plants into account, much cultivated 
plant species are nevertheless included. Of the cultivated plants not grow­
ing in the wild, only the most frequent species per genus is included. 
4.6. THE DEGREE OF ALLERGENICITY 
The genera of which it is known that the pollen causes little or no polli­
nosis (Populus, Salix and Ulmus) are only represented in the list by the 
most frequent species. 
The species Taxus beccata. Chenopodi шп album. Plantage lanceolata. Ca Γ­
ρι nu s betulus, Ligustrum vulgare and Tilia χ vulgaris do not meet the cri­
teria described above but have nevertheless been included in this list of 
species because clear cases of pollinosis due to these plants have been de­
scribed (Wodehouse 1971; Lewis et al. 19Θ3; Horak et al. 1979). Although 
species of the genera Fagus and Aesculus have also sometimes been mentioned 
as disseminators of allergenic pollen (Horak et al. 1979; Lewis et al. 
1963), these are not included because the air concentrations were too low 
and because the cases of pollinosis were not documented convincingly enough. 
Figure 4.3. 
The division of the Netherlands 
into 1677 hour-squares. 
(Mennema et al. 1980) 
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TREES AND SHRUBS (toul 22) GRASSES (angKBptrras, imaocotyki) (loul 32) 
Abus alha ШІЯ 
Chjmatcypam lawsomana 
(Muit)Part 
Jumptrus communis L 
Ρicta obus L 
Taius baccalà L 
Thuja occidentohs L 
Anttospcrma 
AlRUS glutinosa L 
Belula pendula Rolh 
В pubfscrns Ehrh 
Carpmus betulus L 
Castanta sama Miller 
Corylus avellana L 
Fraxmus excelsior I 
Ligusirum vulgare L 
Populas tremula L 
Quercos robur L 
0 riibniL 
Sala alba У. 
Sambui us nigra L 
Tilia χ vulgaris Hayne 
Ulmus minor Miller 
- Canada Balsem 
- Pon of Oifort Cedar 
- Juniper 
- Nofwegian Spruce 
- ScoisPme 
- Yew 
- Arbor Viue 
- Alder 
- Silver Buch 
- Brown Bin.h 
- Hornbearn 
- Spanish Chestnut 
- Hazel 
- Ash 
- Pnvel 
- Aspen 
- Ptdunculate Oak 
- Red Oak 
While Willow 
- Elder 
- Common Lime 
- Small Furie 
7-6 
8-8 
2-2 
9-9 
8-8 
7-6 
6-6 
5-5 
7-7 
8-8 
6-6 
8-8 
8-8 
5-6 
8-8 
8 8 
7-7 
HERBS (inglospenns, dkotyks) (total 9) 
Artemisia vulgaris L 
Chenopodium album I 
Plantago lancfalata L 
Rumtx acetosa L 
R acetosilla L 
R enspus L 
R obtusifolius L 
Urnca dioica L· 
U urens L 
- Mugwon 
hat Hen 
- Ribwort Plantain 
- Common Sorrel 
- Sheep s Sorrel 
- Curled Dock 
- Broad leaved Deck 
- Snning Nettle 
- Small Nettle 
8-8 
9-9 
9-9 
9-9 
9-9 
9-9 
8-9 
9-9 
9-9 
Agroslis canina L 
A capillans L 
A gigantea Roth 
A stolonifera L 
Alopecunts praiensis L. 
Apera spica venti L 
Arrkenatherum etatius L 
Bromus hordeaceus 
L ssp hordeaceus 
Calamagrostts epigejos L 
Cynosurus enstatus L 
Dactylis glomerata L 
Deschampsta flemosa L. 
Elymus repens L 
Festuca arundinacea Schrebei 
F pratensis Hudson 
F rubra L 
Glycerta maxima 
(Hartman) Holmberg 
Motens ІапаШ L 
H mollis L 
L perenne L 
Molima caerulea (I ) M « ne h 
Phalans arundinacea L 
Phleum pratense L 
- Velvet Bent 
- Common Bent 
- Black Bent 
- Creeping Bent 
- Meadow Рож tail 
- Marram Grass 
Sweet Venial grass 
- Loose Silky Bent 
- Tell Oat grass 
- Soft Brome 
- Wood Small reed 
- Crested Dog s Tail 
Cocksfoot 
- Wavy Hair grass 
- Couch 
- Tall Fescue 
- Meadow bescue 
- Chewmgs Fescue 
Reed Sweet grass 
- Yorkshire Fog 
- Creeping Soft grass 
- Italian Rye grass 
- Perennial Rye grass 
- Purple Moor grass 
- Reed Canary grass 
7-7 
8-8 
8-8 
8-8 
8-8 
6-6 
9-9 
8-8 
8-8 
9 9 
6-6 
9-8 
9-9 
7-7 
9-9 
7 7 
8-7 
9-9 
9-9 
9-9 
8 8 
7-7 
9-9 
8-8 
8-8 
- Large leaved Timothy grass 8-8 
Pharagmites australis (Cav ) Tnn - Common Reed 
ex Sicude] 
Poa annua L 
Ρ pratensis L 
Poa tnviahs L 
Secale с ere ale L 
Zea mays L 
Annual Meadow grass 
- Smooth Meadow grass 
- Rough Meadow grass 
- Rye 
- Com 
9-9 
9-9 
9-9 
9-9 
Table 4.III. The principal airborne and allergenic pollen species in the 
Netherlands. Scientific plant names according to Van der Meij-
den et al. (1983a). Hour-square frequency classes (HSFC) of the 
years 1930 and 1980 as given in the Standard List of the Flora 
of the Netherlands (Van der Meijden et a l . 1983b). 
Tbe grasses 
For the grasses, criteria previously formulated (Driessen et al. 1988) were 
applied. Briefly, the procedure was as follows. Using data from the medical 
and botanical l i terature, an attempt was made to achieve as objective as 
possible a se lect ion of the species of grass relevant as causative orga­
nisms of hay fever symptoms in the Netherlands. To the 144 grasses and ce­
reale occurring in the Netherlands, five se lect ion cr i ter ia were applied.The 
two main cr i ter ia read: 1) the pollen-producing plant species should be 
abundant in a given area, which should not be too small. For this purpose, 
use was made of the inventory data of the National Herbarium of Leiden. This 
cr i ter ion reduced the number from 144 to 39 species of grass. 2) The species 
should produce large amounts of pollen. Grass species with low pollen pro­
duction and se l f-pol l inat ing grass species therefore were excluded. This 
reduced the number from 39 to 30 species of grass. On the basis of the 
remaining three se lect ion cr i ter ia , one more species was excluded so that 29 
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grass species (belonging to 20 genera) were left. Added to these 29 were 
three grass species that had to be excluded on the basis of the selection 
criteria but which in special situations may nevertheless function as causa-
tive agents of pollinosis. This applied only to Ammophilia arenaria, Calama-
grostis epigejos and Zea mays. 
Hybrids and subspecies 
Hybrids, subspecies, cultivars and varieties are ignored here and not dis-
tinguished as such except when they are the only or by far the most impor-
tant disseminator of pollen in their genus (Zea mays, Bromus hordeacàus 
subsp. hordeaceus and Tilia ι vulgaris). 
The scientific names of the plants are those listed in the 20th edition 
of the Flora of the Netherlands (Van der Heijden et al. 1983). 
The resulting list of species with the principal airborne and allergenic 
pollen species in the Netherlands is shown in Table 4.III. 
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5.1. ABSTRACT 
Using data from the medical and the botanical literature, an attempt is made 
to ensure an optimally objective selection of grass species of relevance as 
pathogens of pollinosis symptoms in the Netherlands. This could also be done 
for other countries or areas in the same way. 
The 144 grass and cereal species occurring in the Netherlands were sub-
jected to five selection criteria and thus reduced to 29 grass species (be-
longing to 20 genera) which we consider relevant to pollinosis symptoms in 
the Netherlands. 
Our selection has been compared with the selection of grass pollen ex-
tracts now available from pharmaceutical firms. 
The flowering times of the 29 selected grass species proved to differ 
widely, which may be of importance in characterizing different pollinosis 
patients. 
5.2. INTRODUCTION 
In the vast majority of cases it is grass pollen that gives rise to hay 
fever (Dieges 1983; Driessen et al. 1985: 113), but allergic symptoms may 
also be caused by contact with tree pollen and pollen from shrubs or herbs. 
This paper, however, confines itself to hay fever symptoms (pollinosis) 
caused by grass pollen. 
The individual contributions of the various grass species to the annual 
grass pollen incidence are not exactly known. We have made an attempt to 
gain some insight into the relevance of the various grass species as patho-
gens of pollinosis in the Netherlands. In the same way this could be done 
for other countries or areas. 
Examinations to support the diagnosis of pollinosis often include skin 
tests performed with extracts of the pollens of a limited number of grass 
species, considered to be the principal pollinosis pathogens in the Nether-
lands. The same pollen extracts are available in different dilutions for 
treatment by hyposensitization. 
However, the composition of the commercially available pollen extracts 
is based on general impressions of clinicians and biologists, rather than on 
objective research data. Using data from the medical and botanical lite-
rature, we have attempted to arrive at an optimally objective selection of 
the most relevant grass species in the Netherlands in their relation to hay 
fever. 
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In principle, all grass species growing in the Netherlands are capable of 
giving rise to pollinosis. We proceeded from the 144 grass species listed in 
the "Flora of the Netherlands" (Heukels and Van der Meijden 19Θ3), the 
cereals included. 
The five criteria to be defined hereafter were applied to decide for all 
grass and cereal species found in the Netherlands, whether they are or are 
not relevant as pathogens of pollinosis in this country. The relevant spe­
cies had to meet each of the five criteria. Thus, the 95 grass species which 
did not meet the first criterion were not further studied to establish 
whether they met the second criterion, etc. 
5.3. SELECTION OF THE GRASS SPECIES 
In 1939 Thommen (Coca et al. 1931) formulated five criteria which a plant 
species had to meet in order to be listed as a pathogen of pollinosis. These 
five criteria are as follows: 
1. The pollen-producing plant species should be abundant 
in a given area, which should not be too small. 
Two selection criteria derive from this first criterion: 
a) The area for which we studied the relevance of grass species as pa­
thogens of pollinosis is the Netherlands. As a measure of occurrence in the 
Netherlands we used the hour-square frequency classes (HSFC), listed in the 
"Standard List of the Flora of the Netherlands" (Van der Meijden et al. 
1983) 
These HSFC were determined by dividing the Netherlands into 1677 squares 
measuring 5 x 5 km, as shown in Figure 5.1. 
These squares are called hour-squares because it takes one hour to walk 
down the length of one side of a square. The number of hour-squares in which 
a plant species occurs is called the hour-square frequency of that species. 
Whether a species is encountered once or many times within an hour-square is 
irrelevant. On the basis of hour-square frequencies a classification into 
nine classes (Table 5.1) has been made: the so-called hour-square frequency 
classes (HSFC), which range from class 1 (exceptionally rare) to class 9 
(very common). 
As an arbitrary selection criterion we held that a grass species was to 
have an HSFC of 7 or over in order to be considered relevant as a major pa­
thogen of pollinosis in the Netherlands. A grass species thus had to occur 
in more than 410 hour-squares to meet this criterion. Application of this 
criterion gave a reduction from 144 to 49 grass species. 
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Figure 5.1. 
The division of the Ne-
therlands into 1677 hour-
squares 
(Mennema et al. 1980). 
Hour-square 
frequency 
class 
1 
2 
3 
4 
5 
6 
7 
8 
9 
Class limits 
(number of 
hour-squares) 
1 - 3 
4 - 1 0 
11 - 29 
30 - 79 
80 - 189 
190 - 410 
411 - 710 
711 -1210 
1211 -1677 
Classification 
exceptionally rare 
extremely rare 
very rare, or rare and local 
rare 
fairly rare 
fairly general locally 
fairly general 
general 
very general 
Table S.I. Frequency classification of plant species on the basis 
of the number of hour-squares in which these species 
occur in the Netherlands (Mennema et al. 1980). 
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b) The plant species should occur "in abundance". By this we mean that 
the species should form a vegetation, which is to say that at least 25Z of 
an area should be covered with that particular grass species. The following 
grass species do not form such a vegetation anywhere in the Netherlands (R. 
van der Meijden 1985: personal communication) and were therefore excluded: 
Aira praecox (Early Hair-grass), Alopecuros geniculatus (Marsh Fox-tail), 
Alopecurus myosuroides (Slender Fox-tail), Corynephorus canescens (Grey 
Hair-grass), Deschampsia caespitosa (Tufted Hair-grass), Digitaria ischae-
mum (Smooth Finger-grass), Echinochloa crus-galli (Cockspur Grass), Glyce-
ria fluitans (Floating Sweet-grass), Nardus striata (Mat-grass), Trisetum 
flavescens (Yellow Oat-grass). Application of this criterion gave a reduc­
tion from 49 to 39 grass species. 
2. The plant species should produce large amounts of pollen. 
Little research has been devoted to the amount of pollen production of grass 
species. Yet we classified pollen production as small/moderate/considerable/ 
very large on the basis of data published by Wodehouse (1971a) and, if these 
were lacking, impressions of pollen production reported by Weeda (National 
Herbarium, Leiden) and Punt (Department of Palaeobotany, Utrecht). As ar­
bitrary selection criterion we accepted any pollen production described as 
considerable or very large. The grass species with a pollen production 
described as small or moderate were excluded (Van Luijn and Driessen 1985; 
Driessen and van Luijn 1986): Festuca ovina (Sheep's Fescue), Hordeum muri-
num (Wall Barley), Puccinella distans (Reflexed Salt-Marsh-grass). 
In addition some grass species are entirely or largely self-pollinating 
and have flowers which do not open or open only briefly. These species can 
be regarded as species with a small pollen production, and were therefore 
excluded as well: Avena sativa (Common Oat), Bromus sterilis (Barren Brome) 
Danthonia decumbens (Helath grass), Hordeum distichon (Two-rowed Barley), Я. 
vulgare (Six-rowed Barley), Triticum aestivum (Wheat). Application of this 
selection criterion gave a reduction from 39 to 30 grass species. 
3. The pollen should be disseminated by the wind. 
This criterion is met by the pollens of all grass and cereal species with 
the exception of the self-pollinating species already excluded for other 
reasons (see 5.2). 
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4. The pollen should be sufficiently light to be 
airborne over large distances. 
Proceeding from the postulate that the pollens of the various grass species 
do not differ significantly in specific gravity, it may be assumed that the 
diameter of the pollen grains provides a good parameter of pollen mass and 
therefore of sedimentation rate, i.e. dispersibility. Grass pollen grains 
usually have a diameter of 30-35 цлі. Cereal pollen grains as a rule average 
much larger diameter (>A5 цлі) (Beug 1961). These distinctly larger pollen 
grains are rarely (about two per year) observed at the pollen counts at 
Leiden and at Helmond (Spieksma and Dankaart 19Θ5: personal communication). 
Pollen grains of this size are therefore evidently not disseminated over 
larger distances. As a consequence our next arbitrary selection criterion 
is: the mean diameter of the pollen grains of a grass species should be <60 
μιη, if this species is to be accepted as a relevant pathogen of pollinosis. 
On the basis of this criterion only Zea mays (Corn) with a mean pollen grain 
diameter of 80-90 μιη is excluded as a relevant pollinosis pathogen, except 
in special situations. The ellipsoidal pollen grains of Secale cereale (Rye) 
are ± 55 цлі long and ± 40 μιη broad (Wodehouse 1971b) . 
5. The pollen should contain an allergen. 
The pollen of all grass species meet this criterion. The possible differen­
ces in allergenicity between different grass species are left undiscussed 
here. 
Applying the above mentioned five selection criteria to the 144 grass spe­
cies known to occur in the Netherlands, we finally selected 29 species (be­
longing to 20 genera) as relevant to pollinosis symptoms in this country. 
These species are listed in table 5.II; for supplemental information we 
refer to our report (Driessen et al. 1986). 
5.4. SPECIAL SITUATIONS 
Evidently there may be special situations in which grass species excluded by 
us for the reasons mentioned above, may nevertheless be of importance as 
pollinosis pathogens. This applies in particular to two species: Ammophila 
arenaria (Marram Grass, HSFC 6) and Calamagrostis epigejos (Wood Small-Reed, 
HSFC 6), which form vegetations in extensive areas in the mud-flat and dune 
districts and consequently are undoubtedly relevant pollinosis pathogens in 
the coastal regions of the Netherlands. We know of no exceptions for crite­
ria 1-3 other than these two. 
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Grass species 
Our Phar- Diep- Ben-
selection macia HAL huis card ALK 
1 Agroslis stolonifera (Creeping Bent) χ χ χ X ж 
2 A canina (Velvet Bent) χ 
3 A capillaris (Common Bent) χ 
4 4 gigantea (Black Bent) χ 
5 Alopecurus pratensis (Meadow Fox-tail) χ χ χ χ χ 
6 Anthoxanihum odorai um (Sweet Vernal-grass) χ χ χ χ χ 
7 Apera spica-іжпіі (Loose Silky Bent) χ 
8 Arrhenatherum elatius (Tall Oat-grass) χ χ X 
9 Bromas hordeaceus (Soft Brome) X X χ 
10 Cynosurus enstatus (Crested Dog's-Tail) χ χ χ 
11 Dactylis glomerata (Cocksfoot) χ χ χ χ χ 
12 Deschampsia flemosa (Wavy Ншг-grass) χ 
13 Eíyrnus repens (Couch) X X Χ 
14 Festuca arundinacea (Tall Fescue) χ 
15 F pratensis (Meadow Fescue) X X χ 
16 F rubra (Chcwings Fescue) χ χ χ 
17 Glyceria maxima (Reed Sweet-grass) x 
18 Holcus lanatus (Yorkshire Fog) χ χ χ χ χ 
19 Η mollis (Creeping Soft-grass) x 
20 Lolium multiflorum (Italian Rye-grass) x 
21 L perenne (Perennial Rye-grass) χ χ χ χ χ 
22 ΜοΙιηια caerulea (Purple Moor-grass) x 
23 Phalaris arundinacea (Reed Canary-grass) Χ 
24 Phleum pratense (Large-leaved Timothy-grass) χ χ χ χ X 
25 Phragmiles auslralis (Common Reed) χ χ χ χ χ 
26 Poa annua (Annual Meadow-grass) χ 
27 Ρ pratensis (Smooth Meadow-grass) χ χ χ χ 
28 Ρ Iriviatis (Rough Meadow-grass) χ 
29 Secale cereale (Rye) χ χ χ χ χ 
30 Avena fatua (Common Wild Oat) x 
31 A sativa (Common Oat) χ χ χ χ 
32 Cynodon dactylon (Bermuda-grass) χ x 
33 Hordeum vulgare (Six-rowed Barley) x x 
34 Tnticum aestwum (Wheat) χ χ χ χ 
35 Zea mays (Corn) χ χ χ 
36 Bromus inermis (Hunganan Brome) x 
37 Paspalum notatum (Bahia-grass) x 
38 Sorghum halepense (Aleppo Barley) χ 
Total 29 19 16 15 20 
Table 5.II. Grass species in the Netherlands of relevance to hay fever, and 
their comparison with grass pollen extracts, supplied by the 
various pharmaceutical companies. 
30-3Θ: list of the grass species not included by us, but sup­
plied by the industry. 36-38: are regarded as unimportant for 
the Netherlands by the company concerned. 
Corn (Zea mays) being cultivated on a very large scale and therefore also 
sometimes in the inmediate environment of some pollinosis patients, may be 
of some importance in this special situation, although the pollen of this 
cereal has a very low dispersibility due to the large pollen grain mass as 
discussed above. 
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5.5. AVAILABLE GRASS POLLEN EXTRACTS 
Pollen extracts of various grass species are commercially available for 
skin tests in patients suspected of pollinosis. We compared the grass pol-
len extracts supplied by five different pharmaceutical firms in the Nether-
lands - Pharmacia, HAL, Diephuis, Bencard, and ALK -, with the grass spe-
cies we selected (Table 5.II). 
Table 5.II warrants the following conclusions: Our selection outnumbers 
the grass species from the selections offered by the pharmaceutical indu-
stries: 29 in our selection versus 19 in that of Pharmacia, 16 in that of 
HAL, 15 in that of Diephuis, 20 in that of Bencard and 8 in that of ALK. 
Conspicuously, the pharmaceutical industries hardly ever include two species 
of the same genus; apparently they proceed from the postulate (not tested in 
the literature) that complete cross allergenicity exists between two species 
which belong to the same genus (see next section). 
Our selection also differs markedly from those of the pharmaceutical 
firms in terms of grass genera. Our selection includes five grass genera 
from which no pharmaceutical firm supplies test extracts: the numbers 7, 12, 
17, 22 and 23. On the other hand there are some grass genera which do not 
meet our selection criteria but are supplied by the firms: by Pharmacia 6, 
by HAL 4, by Diephuis 4, by Bencard 5 and by ALK 0. 
All pharmaceutical firms supply test extracts of cereal species which we 
regard as irrelevant, Avena sativa (Common Oat), Hordeum vulgare (Six-rowed 
Barley), Triticum aestiviun (Wheat), or at best of only some local impor-
tance, (Zea mays. Corn) because of the small pollen production, (Oat, Bar-
ley, Wheat), or too large pollen grains (Corn). 
The firm of Bencard includes two grass species in its selection. Avena 
fatua (Common wild Oat), and Cynodon dactylon (Bermuda-grass) which we re-
gard as irrelevant in view of their hour-square frequency classes: 6 and 5 
respectively also. The firm Pharmacia includes Cynodon dactylon as well. 
To summarize: there is a considerable diversity in commercially availa-
ble grass pollen extracts in the Netherlands. This diversity increases even 
further if products of foreign countries are considered as well. For in-
stance, in Denmark ALK supplies 28 grass pollen extracts. 
5.6. CROSS-ALLERGENICITY OF PLANT SPECIES 
Table 5.Ill shows the hierarchical classification of the plant kingdom. 
The degree of relationship and therefore the degree of cross-allergenicity, 
diminishes upwards and increases downwards in this systematic plant hierar-
chy (Weber 1981: 20 ). 
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It is generally assumed that virtually complete cross-allergenicity 
exists between plants belonging to taza at levels below the species, and 
that cross-allergenicity is absent or very slight between plant taza higher 
than the family. The degree of cross-allergenicity in plants of a particu-
lar tazon (e.g. family, genus or species) can vary widely per plant family. 
Generally, however, we know little about the degree of cross-allergenicity 
at any particular level (Bruce et al. 1985:99). 
DEGREE OF CROSS TAXON 
ALLERGENICITY 
Generally absent Division 
Subdivision 
Class 
Order 
Generally variable Family 
Genus 
Species 
Generally total Subspecies 
Variety 
Subvariety 
Modification 
Table 5.III. The hierarchical classification of the plant 
kingdom. 
The degree of cross-allergenicity may also differ in influence upon the 
results of hyposensitization, the direct action of the allergen or the 
priming effect (Connell 1969:33). 
It will be apparent from the above that considerable further research 
will be needed before complete cross-allergenicity between the grass spe-
cies of one genus can be assumed. 
5.7. THE FLOWERING TIMES OF THE SELECTED 
GRASS SPECIES IN THE NETHERLANDS 
The flowering time of a given grass species is of course important in cha-
racterizing that specific species as a pathogen of pollinosis at a particu-
lar time. The late-flowering (August/September) species Mollala caerulea 
(Purple Moor-grass) is unlikely to cause pollinosis symptoms in April. On 
the other hand, the early-flowering species, Anthoxanthum odoratum (Sweet 
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Vernal-grass), which may be in full flower as early as in April, cannot be 
expected to cause symptoms of pollinosis in August. 
Ve divided our 29 selected grass species into groups on the basis of 
their flowering times, as listed in the "Flora van Nederland" (Heukels and 
Van der Heijden: 1983). Some of these grass species are capable of a second 
flowering (Londo 1974: 44); in our classification these grasses are counted 
as long-flowering species, which in Table 5.IV are marked with an asterisk. 
Group April May June July Aug Sept Oct 
Anthoxanthum odoratum (Sweet Vernal-grass) 
Bromus hordeaceus subsp hordeaceus (Soft Brome) 
Poa pratensis (Smooth Meadow-grass) 
Ρ tnutalis (Rough Meadow-grass) 
_ ^ _ ^ ^ ^ ^ _ Atopecurus pratensis (Meadow Fox-tail)* 
Arrhenatherum elatius (Tall Oat-grass)* 
Dactyhs glomerata (Cocksfoot)* 
Festuca rubra (Chewings Fescue) 
•• • Holcus lanatus (Yorkshire Fog)* 
Poa annua (Annual Meadow-grass) 
Π A Agrostis canina (Velvet Bent) 
• A capillans (Common Bent) 
A gigantea (Black Bent) 
Apera spica-venti (Loose Silky Bent) 
Cynosurus cnstatus (Crested Dog's-tail) 
Deschampsia flexuosa (Wavy Hair-grass) 
Efymus repens (Couch) 
Festuca arundinacea (Tall Fescue) 
Phalans arundinacea (Reed Canary-grass) 
Secale cereale (Rye) 
Agrostis stolonifera (Creeping Bent) 
Festuca pratensis (Meadow frescue)* 
. _ ^ _ Holcus mollis (Creeping Soft-grass)* 
Lolium multiflorum (Italian Rye-grass)* 
L perenne (Perennial Rye-grass)* 
Phleum pratense (Large-leaved Timothy grass)* 
Ш A ^ _ ^ — _ Glycena maxima (Reed Sweet-grass) 
^ — ^ ^ ^ ^ ^ _ ^ ^ ^ ^ ^ ^ — Molima caerulea (Purple Moor-grass) 
В • Phragmites aus traits (Common Reed) 
Table 5.IV. Grass species considered as relevant to hay fever symptoms in 
the Netherlands, classified by flowering time. 
I =» early, II - main, III - late season; A = short, В - flower­
ing time; * grass species with a 2nd flowering time. 
Dependent on the period during which a pollinosis patient's symptoms are 
most pronounced, the table can be used to exclude some grass species as 
possible pathogens of the pollinosis in that particular patient. This will 
apply in particular to patients whose symptoms are most pronounced either 
early or late in the course of the season. 
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5.8. CONCLUSIONS 
Using data from the medical and botanical literature, an attempt was made to 
ensure an optimally objective selection of grass species producing hay 
fever pathogens in the Netherlands. Applying five selection criteria, the 
144 indigenous grass species of the Netherlands were reduced to 29 (belong-
ing to 20 genera) which we consider relevant to hay fever symptoms. The two 
principal selection criteria were: 
1. The pollen-producing grass species should be abundant in a given area. 
2. The plant species should produce large amounts of pollen. 
In the same way this also could be investigated in other countries or areas 
by using our five criteria. 
The 29 selected grass species were compared with grass pollen extracts 
currently marketed by 5 pharmaceutical firms. The grass pollen assortment 
offered by these firms was found to show considerable diversity. Some of 
them contained pollen species considered by us irrelevant in causing hay 
fever in the Netherlands, and on the other hand relevant pollen species are 
missing. For instance, all pharmaceutical firms supply test extracts of 
cereal species which we consider irrelevant. Avena sativa (Common oat), 
Hordeum vulgare (Six-rowed Barley), Triticum aestivum (Wheat) or at best of 
only some local importance, Zea mays (Corn) because of the small pollen 
production (Oat, Barley, Wheat) or too large pollen grains (Corn). Also the 
grass species Avena fatua (Common wild Oat) and Cynodon dactylon (Bermuda 
grass) we consider irrelevant in view of their too small abundancy, whereas 
they are delivered by the industries. In our opinion the production of the 
grass pollen extracts above mentioned, could be stopped. 
Cross-allergenicity of plant species with special reference to grass 
species was discussed. Our knowledge is lacking in this respect. Further, 
research will be necessary in this field to reevaluate our results and to 
put forward a definite list of relevant grass species of importance to hay 
fever. 
Finally the flowering periods of the 29 selected grass species were de-
fined. They proved to differ widely. Some of the grass species turned out 
to have a second flowering period. 
The above data may be of importance in the characterization of various 
(groups of) hay fever patients. 
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6.1. ABSTRACT 
Pollen from twenty different grass species were prepared by a dehydration 
method and then examined with a light microscope (800x). Although differen­
ces were found between the grass pollen species, these were marked insuffi­
ciently to provide a key to identification of all the 20 species. Two grass 
species were found to show typical dehydration features permitting their 
identification. 
Pollen from 21 grass species were studied, using incident UV light mi­
croscopy. The colour of the cytoplasm, the colour shift of the cytoplasm, 
the colour of the pollenwall layers and the intensity of the autofluores­
cence were measured. By this autofluorescence technique 15 of the 21 grass 
pollen species could be identified. 
6.2. INTRODUCTION 
In the Netherlands, daily pollen counts have been in progress in Leiden 
since 1970 and in Helmond since 1975 (Spieksma et al, 1985). The counts are 
registered per species, per genus or per family as the number of pollen 
grains per cubic metre of air, averaged over 24 hours. The results of these 
counts are sent weekly to interested persons (mainly physicians attending 
pollinosis patients) in the Netherlands. 
In these lists the pollen are ordered by 3 species, 29 genera and by 13 
families. In addition the pollen counts of preceding years are used to 
prepare so-called pollen calendars. 
The grasses (Poaceae), the subject of this paper, are ordered at family 
level (Spieksma et al, 1985). Determination down to genus level, and cer­
tainly down to species level, is very difficult if not impossible within 
the family of grasses. Should this be possible, then determinating at these 
levels would be a valuable supplement to the pollen counts. The first suc­
cessful attempt at morphological identification of grass pollen grains has 
been made by Liem (1967; 1968), who succeeded in determinating pollen of 16 
grass species. She developed a method involving marked dehydration of the 
pollen and studied them thereafter by light microscope. 
Fag г i and Iversen (1975) and Andersen (1979) claim that the uniformity 
of grass pollen causes one of the greatest difficulties in pollen analysis. 
The special key of Fsgri and Iversen (1975) classifies the Gramlneae into 
10 types and 6 species based on pollen dimensions and pollen wall morpho­
logy. Using also scanning electron microscopy Köhler and Lange (1979) of-
fered a grouping of cereal and wild grass pollen grains according to the 
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exine sculptures. Other relevant studies in this field were done by Grohne 
(1957), Beug (1961) and Andersen and Bertelsen (1972). 
Pollen walls and sometimes the cytoplasm show autofluorescence by UV 
excitation, due to the presence of molecules with rings and with unsaturated 
bonds. However, during excitation a photochemical reaction occurs resulting 
in a colour shift and in fading. Of several pollen the autofluorescence 
emission spectra have been measured and have shown some specificity (Wil-
lemse, 1972). In this study the pollen wall autofluorescence of some grass 
pollen has been measured to discriminate the different grass species. 
Moreover, attempts have been made to establish whether the method of Liem 
would also be appropriate to other grass species, and whether it might be 
used in the daily pollen counts, now in progress in the Netherlands in 
Leiden and Helmond. 
6.3. MATERIAL AND METHODS 
6.3.1. Material 
The grass pollen studied by dehydration and light microscopy were obtained 
from the National Herbarium in Leiden (Dr. R. van der Meyden), the herbarium 
of the University of Nijmegen (H. van der Steeg) and the aerobiological 
laboratory of the Leiden University Hospital (Dr. F. Spieksma). Sufficient 
pollen for our morphological study were obtained from a total of 20 grass 
species (Table 6.1), 17 of which can be considered as relevant pathogens 
causing hay fever symptoms in the Netherlands, according to criteria previ-
ously defined (Driessen et al, 1986). Nine of the species studied by Liem 
(1968) also met these criteria. 
In the autofluorescence studies nearly the same species (21) were ex-
amined from air dried anthers, kindly supplied by Dr. J. Derksen of the 
University of Nymegen, see Table 6.1. 
For authors' names to plant species see the offered key on page 101. 
6.3.2. Methods 
The grass pollen were treated by the method developed by Liem (1968). The 
pollen were stained by centrifugation at 3500 rpm for 10 minutes in a solu-
tion of 0.5 g safranine in 50 ml alcohol 50Z. The supernatant was carefully 
poured off and the remnants were removed with blotting- paper as far as 
possible. Next, 1 ml alcohol 50Z was added and again the pollen was centri-
fugea at 3500 rpm for 20 minutes. Again the supernatant was removed as 
completely as possible. The same procedure was then repeated with successive 
alcohol solutions of 70Z, 85Z, 90Z, 100Z and once more 100Z. After this 
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dehydration by the alcohol solutions 1 ml xylol was added, and the pollen 
was again centrifuged for 10 minutes. After removal of the xylol, 1 ml 
silicon oil was added before the final centrifugation for another 10 minu­
tes. The dehydrated pollen was then prepared for light-microscopic examina­
tion (BOOx). The pollen grain diameters were measured with a micrometer in 
the eyepiece of the microscope. 
At microscope examination of the grass pollen grains special attention 
was given to the following aspects: 1) The maximum length of the longitudi­
nal axis and the maximum length of the transverse axis of 10 free lying 
pollen grains (in microns). 2) The shape of the pollen grains (circular-
oval). 3) Number, site and other characteristics of the pits resulting from 
dehydration. 4) The localization of the pore in relation to the longitudinal 
axis of the pollen grain (axial or at an angle), and the position of the 
pore in relation to the pollen grain wall (elevated, depressed or at level). 
5) The thickness and morphology of the pollen grain wall. 6) Differences in 
colour intensity. 7) Other details. 
Li em (1968) also described the aspects listed above. However, she ex­
amined 1000 pollens per species, whereas we studied only 10. 
To measure autofluorescence, a number of dried grass pollen was put on a 
slide on which a drop of a solution with equal volumes of glycerine and 
phosphate buffer pH 7.2 was placed. The coverglass was sealed with colour­
less nail polish. Using a microspectrophotometer with a 100 W mercury lamp 
and a dry 63x objective as described by Willemse (1981), an area of 10 χ 10 
цлі of a pollen grain was measured at 1.2 KV on a RCA 31034 photomultiplier 
and expressed in mV. At least the spectra of two pollen grains were mea­
sured, within 10 and after 30 seconds respectively. Of each spectrum the 
maximum was expressed in nm wavelength (Emax), the intensity at the Emax in 
mV (Imax) and the fading after 5 and 30 seconds as a percentage of the 
maximal intensity at 0 seconds. Observing at least 10 pollen, colour and 
intensity of fluorescence of the cytoplasms and parts of the pollenwall were 
noted, within 10 seconds and after 30 seconds, after starting the excitation 
with UV light. 
6.4. RESULTS 
6.4.1. Light microscopy 
Our study by light microscopy revealed only minor differences between the 
alcohol-dehydrated pollen of the 20 grass species examined. The differences 
found, however, were insufficient to provide a key to the identification of 
the 20 grass pollen species studied. For a detailed description of them all 
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we refer to our report (Van Luijn and Driessen 1985). Here we present only 
descriptions of those two grass species with pollen grains showing highly 
characteristic features permitting morphological identification by light 
microscopy. 
Α. Вramus hocdeaceus ssp. hordeaceus (previous name Bromus mollis), soft 
brome or lop grass (Fig. 6.1). 
Figure 6.1. Dehydrated pollen grains of Bromus hordeaceus ssp. hocdeaceus. 
χ 800. 
Description of the pollen grains: 1) Mean width 33 μιη (30-38 (im) ; mean 
length 37 μιη (33-44 pjn) . 2) Smoothly rounded egg-shaped pollen grains. 3) 
One to 4 sloping pits, usually in the length of the pollen grain. 4) The 
pore is localized near the longitudinal axis and has a prominent annulus and 
a protruding operculum. 5) The wall is fairly thick. 6) The colour of the 
grains is purple-red. 7) The content of the pollen grain looks bumpy, due to 
numerous rounded characteristic 'pits'. Especially the last feature is so 
specific that differentiation from the 19 other pollen species studied is 
possible. 
B. Phragmites australis, common reed (Fig. 6.2). Description of the pollen 
grains: 1) Mean width 22 μιη (20-24 μιη); mean length 24 μιη (22-28 μιη). 2) 
Spherical to egg-shaped pollen grains. 3) There is often only one large pit. 
4) This pit encompasses the pore with an annulus, the pore being localized 
on the longitudinal axis. 5) Numerous small pits over the entire surface 
give the pollen grain a bumpy appearance. 6) The colour of the grains is a 
homogeneous purple-red. The dimensions, shape and pits are such typical 
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features that differentiation from the 19 other pollen species studied is 
readily possible. 
Figure 6.2. Dehydrated pollen grains of Phragmites australis. χ 800. 
6.4.2. Autofluorescence 
Figure 6.3 gives an impression of pollen autofluorescence and the reaction 
of the pollen on longer UV radiation. 
Figure 6.3. Autofluorescence of a pollen grain of Bromus hordeaceus. 
a. light microscopy 
b. autofluorescence within 6 seconds of UV radiation 
c. autofluorescence after 30 seconds of UV radiation. 
Note the slight decrease in the intensity of the cytoplasm. 
E = exlne, I = intine and endexine 
The results of the autofluorescence of the grass pollen are given in Table 
6.1. Because of a shift in the spectral maximum, the possible presence of 
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two maxima and a different rate of fading, the data of the measurements are 
given over a period before 10 and after 30 seconds after illumination. In 
Table 6.1 also the colour indications and impressions of intensity are 
noted. 
From these data it can be stated that the observation for blue to white 
blue corresponds with about a wavelength of 460-475 nm, for white blue to 
yellow about 490-505 ran, for yellow 530-545 ran and for ochre to yellow 
560-575 ran. An intensity up to 1.0 mV is observed as low, up to 1.0-3.0 mV 
as normal, and from 3.0 mV or more as bright. The fading is visible and may 
take place together with or without a shift of the maximum. 
Based on colour indication, place of colour, intensity of colour, the 
dimensions and shape of the pollen for 21 grass pollen a key can be composed 
as follows: 
Write down within 10 seconds: 
colour of the cytoplasm together with pollenwall; 
colour of the exine; 
the intensity level of the cytoplasm and the exine compared to each 
other. 
After 30 seconds: 
colour of the cytoplasm together with pollenwall; 
colour of the exine; 
colour of the intine and endexine (layer close to the cytoplasm, if 
present); 
the intensity level of cytoplasm, exine, intine and endexine, compared to 
each other. 
Use as indications: the colours: blue or white-blue; yellow, white- yellow 
and ochre-yellow; gray. WY means a mixed colour with white as the main 
colour. Avoid the colour combination yellow-blue. 
In Festuca arundinacea and Holcus mollis, the pore is yellow, in all 
other grass species studied white-blue. The pore, if visible, can be used as 
a reference for the colour white-blue. 
Note the dimensions in μιη and shape of the swollen pollen grain: cyclin-
drical or spherical and compare the data with the noted category (in μιη) in 
the key. Only swollen pollen grains as they usually do in glycerine and 
phosphate pH 7.2 buffer 1:1 should be investigated. A mercury lamp of 100 W 
or more is used and filtered to an excitation wave length of 365 nm and ob­
served with a barrier filter of 410 nm. 
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KEY for 21 airborne and allergenic grass pollen species. 
1 Exine, endexine and inline, cytoplasma al­
ways yellow bright fluorescence, 35x40 μιη 
Festuca arundmacea Scherb 
not so 2 
2 Exine, endexine and intmc are one layer 
layer is yellow or white-yellow, cytoplasm 
changes in colour, 40x40 μιη 
Phalans arundmacea L 
layer is yellow, 30x30 μιη 
Molinea caerulea (L ) Moench 
not so 3 
3 Exine always blue or white-blue 4 
Exine always yellow or white-yellow 8 
4 Endexine and inline are yellow, cytoplasma 
yellow, 25x25 μιη Η ole us ¡anal us L 
Endexine and inline are blue 5 
5 Cytoplasm is yellow after 10 s 6 
Cytoplasm is blue-white or white-blue after 
10 s 7 
6 The intensity of the walls remains strong com-
pared with the always yellow cytoplasma, 
35x35 μπι Holcus mollis L 
The intensity of the different parts remains the 
same 30x30 μιη Deschampsia flexuosa (L ) Tzin 
The intensity of the endexine and inline is 
strong, 25x25 μπι Holcus lanalus L 
The intensity of the cytoplasm, inline and en­
dexine is strong after 30 s, 50x50 μπι 
Elymus repens (L ) Gould 
7 The cytoplasm is white-blue after 30 s, 
25x25 μπι Poa Inviahs L 
The cytoplasm is gray-yellow after 30 s, 
exine strong intensity, 30x35 μπι 
Lolium perenne L 
8 The cytoplasm is blue-grey after 
30 s, endexine and inline strong inten­
sity, 25x25 μιη Holcus lanatus L 
Endexine and inline are yellow or white-
yellow 9 
Endexine and mtine are blue or white-
blue 10 
9 The endexine and inline show a middle 
intensity 
35x35 μη» Alopecurus pralensis L 
35x40 μπι Festuca arundmacea Scherb 
The endexine and intine show a weak in­
tensity 
40x40 μπι Anthoxanthum odoratum L 
30x30 μιη Molmea caerulea (L ) Moench 
10 The intensity of the endexine and 
intine is weak, the cytoplasm is white-
blue or gray, 35x40 μιη Dactylis glomerata L 
The intensity of the endexine and inline 
is strong 
40x40 μιη Glycena fluitans (L ) R Br 
The intensity of the endexine and inline 
is middle 11 
11 The cytoplasm is white-blue, 30x35 μιη 
Phleum pratense L 
is ochre-yellow, 40x40 μιη Bromus hordeaieus L 
is yellow or white-yellow 12 
12 The cytoplasm shows a strong intensity, 
50x50 μιη Flymus repens (L ) Gould 
a middle intensity 13 
13 The endexine and inline are blue 
35x35 μιη Festuca rubra L 
30x35 μιη 
Arrhenatherum elalius (L ) Beauv ex J & С Presi 
30x35 μιη Festuca pratensis Hudson 
40x40 μιη Bromus hordeaceus L 
The endexine and inline are white blue 
30x35 μιη Cynosurus cnstatus L 
25x25 μιη Agrostn stolonifera L 
35x35 μιη Poa pralensis L 
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6.5. DISCUSSION 
6.5.1. Light microscopy 
Our investigation by light microscopy revealed some differences in the 
alcohol-dehydrated pollen of the 20 grass species examined, but we could not 
confirm the findings of Liem et al.(1968), who was able to differentiate all 
16 grass species studied by this method. This might be explained by our 
method examining only 10 grains, while Liem et al. investigated 1000 grains 
of each species; they also measured length, width and the ratio length/-
width. Though Liem et al. succeeded in identifying all 16 species on mor-
phological criteria, we only could identify 2 species of the 20 we examined 
with the simplified but still fairly elaborate modification of Liem's me-
thod. Those two showed charactistic, readily recognizable features. Our 
findings in Phragmitis australls (common reed) are entirely in agreement 
with the description given by Liem. Bromus hordeaceus ssp. hordeaceus (soft 
brome or lop grass) has not been examined by Liem. 
The use of protein-glycerin as an adhesive in the volumetric pollen 
collectors (Hirst or Burkard type) would make it possible to apply the 
dehydration technique described here to airborne pollens. Instead of centri-
fugation, the pollen-bearing slides from the volumetric pollen collectors 
could be stained and dehydrated with the same increasing alcohol concentra-
tions as described in this paper (Liem 1985: personal communication). 
Changes in volume and shape due to pollen dehydration and hydration were 
termed "harmomegathy" (Pacini 1986). The question arises whether this fea-
ture in the pollenwall of grasses shows enough stability, and can be used 
as a character for routine grass pollen determination. We therefore intro-
duce here also another method: the fluorescence microscopy. 
6.5.2. Fluorescence microscopy 
Using the UV microscope pollen grains easily can be found and observed. So 
this method can be used in pollen collections from air or soil. Although 
pollenwall autofluorescence can contribute to the determination of grass 
pollen, this approach has also some disadvantages. Estimation only by ob-
serving colour and intensity is somewhat arbitrary. The quantitative ap-
proach by photometry may be used as a reference; the values, however, are 
also subject to variances; besides, the fotochemical reaction is not uni-
form. 
The observation of fluorescence is a very easy technique. The pollen 
need only a defined medium for embedding. However, the technique requires 
some experience. With our key based on autofluorescence, it is possible to 
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distinguish between IS of the 21 grass species studied. Pollen of the 6 
grass species Festuca rubra, Arrhenatherum elatius. Festuca pratensis, 
Lolium perenne, Cynosurus cristatus and Poa pratensis are indistinguishable. 
Other investigations will be required in order to obtain a key for the 
identification of more grass pollen species. Our key is restricted to 21 of 
the 29 grass species, considered relevant to hay fever in the Netherlands 
(Driessen et al, 1986). By scanning electron microscopy the tectal surface 
can offer a distinguishing character in the pattern of the insulae and the 
number of spinules on them, as is shown recently by Peltre et al (1987) and 
earlier by Köhler and Lange (1979) and Watson and Bell (1975). Notwithstand-
ing the existence of some taxonomie order in surface patterns, scanning 
electron microscopy alone offers also a very limited scope for identifying 
grass pollens. 
A key for grass pollen grains, based on data of light microscopy, com-
bined with those from scanning electron microscopy and autofluorescence 
could perhaps furnish more information. Phenological data as the flowering 
period should be involved as well. The processing of the pollen grains for 
autofluorescence studies, like the embedding in glycerine and phosphate 
buffer, are as yet incompatible with the current volumetric airborne pollen 
sampling technique. The various sticky embedding media, necessary for vol-
umetric pollen sampling like vasiline petroleum jelly, silicone oil, etc. 
are autofluorescencing and disturb the method. More studies with various 
non-fluorescent adhesives will be needed to make the autofluorescence tech-
nique applicable in routine pollen sampling surveys. 
At the moment the methods studied do not yet seem suitable for practical 
application in the daily pollen counts, currently made at many different 
places. 
We were able to identify 2 grass pollen species (of the 20 studied) by 
light microscopy after dehydration, and 15 grass pollen species (of the 21 
studied) by UV autofluorescence microscopy. 
ACKNOWLEDGEMENTS 
We are indebted to Dr. P. Dieges (Dept. Allergol., Rotterdam Univ. Hosp.), 
Dr. A. Liem (Botanical Lab., Free Univ., Amsterdam), Dr. R. van der Meyden 
(National Herbarium, Leiden), Dr. R. den Outer (Dept. Plant Cytology and 
Morphology, Agricult. Univ. Wageningen), Dr. F. Spieksma (Dept. Aerobiol., 
Leiden Univ. Hosp.), and Dr. P. Stibbe (H. Landstichting) for their advices. 
102 
6.6. REFERENCES 
Andersen, S.T. 1978. Identification of wild grass and cereal pollen. Danm. 
geol. Unders., Arbog: 69-92. 
Andersen, S.T. and Bertelsen, F. 1972. Scanning electron microscope studies 
of pollen of cereals and other grasses. Grana, 12: 79-86. 
Beug, H.-J. 1961. Leitfaden der Pollenbestimmung für Mitteleuropa und an-
grenzende Gebiete. Lief. 1. Gustav Fischer Verlag, Stuttgart. 
Driessen, M.N.B.M. and Luijn, J.A.G. van. 1986. Grass species of relevance 
to hay fever symptoms in the Netherlands. XIII Congress of the Eur. Acad. 
Aller, and Clin. Immunol., 152: Budapest 1986. 
Fsgri, K. and Iversen, J. 1975. Textbook of pollen analysis. 3rd ed. Munks-
gaard, Copenhagen. 
Grohne, U. 1957. Die Bedeutung des Phasenkontrastverfahrens für die Pol-
lenanalyse, dargelegt am Beispiel der Gramineenpollen vom Getreidetyp. 
Photogr. Forsch., 7: 237-248. 
Köhler, E. and Lange, E. 1979. A contribution to distinguishing cereal from 
wild grass pollen grains by LM and SEM. Grana, 18: 133-140. 
Liem, A.S.N. 1967. Dispersal and morphology of grass pollen at Schiermon-
nikoog (Netherlands). Rev. Paleobotan. Palynol., 4: 387-398. 
Liem, A.S.N., Groot. J. and Kuilman, L.W. 1968. The use of silicone oil as 
an embedding medium for the identification of the pollen of sixteen grass 
species. Rev. Paleobotan. Palynol., 7: 213-231. 
Liem, A.S.N. 1985. Personal Communication. 
Luijn, J.A.G. van and Driessen, M.N.B.M. 1985. Botanical aspects of hay fe-
ver. Report. 66 pp. Medical Centre Dekkerswald, Groesbeek, The Netherlands. 
Pacini, Ε., 1986. An approach to harmomegathy. In: Biology of reproduction 
and cell motility in plants and animals. M. Cresti and R. Dallai, Eds. Univ. 
of Siena: 125-134. 
Peltre, G., Cerceau-Larrival, M.Th., Hideux, M., Abadie, M. and David, B. 
1987. Scanning and transmission electron microscopy related to immunochemi­
cal analysis of grass pollen. Grana, 26: 158-170. 
Skvarla, J.J. and Larson, D.A., 1966. Fine structural studies of Zea mays 
pollen. Am. J. Bot., 57: 519-529. 
Spieksma, F.T.M., Assem van den, A. and Collette, В.J.Α. 19Θ5. Airborne 
pollen concentrations in Leiden, the Netherlands, 1977-1981. Grana, 24: 
99-108. 
Watson, L. and Bell, E.M. 1975. A surface-structural survey of some taxono-
mically diverse grass pollens. Aust. J. Bot., 23: 981-990. 
Willemse, M.T.M. 1972. Changes in the autofluorescence of the pollenwall 
during microsporogenesis and chemical treatments. Acta Bot. Neerl., 21: 
1-16. 
103 
Willemse, M.T.M. 1981. Changes in the autofluorescence of lignin. In: Cell 
walls '81. D.G. Robinson and H. Quader, Eds. WVG Stuttgart: 242- 250. 
104 
CHAPTER 7 
PREDICTION OF THE START OF 
THE GRASS POLLEN SEASON FOR 
THE WESTERN PART OF THE NETHERLANDS 
M.N.B.M. Driessen 1) 
R.M.A. van Herpen 1) 
R.P.M. Moelands 1) 
F.Th.M. Spieksma 2) 
1) Department of Pulmonary Diseases 
Medical Centre Dekkerswald 
Groesbeek 
2) Aerobiology Department 
University Hospital, Leiden 
Published in 
Grana 1989; 28: 37-44 
105 

7.1. ABSTRACT 
To determine the best date for patients to begin treatment for pollinosis, 
an attempt was made to predict the start of the grass pollen season as 
accurately as possible. 
A new method to define the start of the grass pollen season is presen­
ted. It identifies the date when at a certain location the accumulated total 
(from 1 Jan.) of 24 h average grass pollen concentrations (No/m3) reaches 
100. This method is called the XI00-method. 
Using the phenological method over the years 1977 through 1985, with the 
birch (Σ125 - x) as the indicator plant, the start of the grass pollen 
period (X100 - z) could be predicted more than twice as accurately as would 
have been possible solely based on the mean starting dates in the preceeding 
years. The predicted starting date (z) can be calculated with the equation: 
z-О.б х + 65.33 (x and ζ as day-of-the-year numbers), SD-1.6 day, r»0.86, 
n-9. 
7.2. INTRODUCTION 
There is no consensus about the starting date of the pollinosis season, nor 
of the grass pollen season. Partly as a result of this, comparable groups of 
patients show considerable diversity in the start and the duration of seaso­
nal medication (Driessen et al. 1985; Driessen et al. 1987). An accurate 
prediction of the start of the grass pollen period would enable closer 
definition of the period when patients with pollinosis should take medica­
tion. 
The pollinosis season starts when the air contains a sufficient amount of 
grass pollen to cause symptoms of pollinosis. Although the relationship 
between the grass pollen season and symptoms of pollinosis is not known 
exactly (Spieksma 1980; Spieksma et al. 1985), it may be assumed that a 
prediction of the starting date of the grass pollen season can be used to 
forecast the start of the period of potential pollinosis symptoms. 
In contrast to comparable studies (Mullenders 1972; Lejoly-Gabriel 1978; 
Pathirane 1975) we worked only on the start of the pollen season, not on the 
duration. 
7.3. MATERIAL AND METHODS 
The data available for this study originated from the observations on daily 
pollen concentrations of grasses (Poaceae), oaks (Çuercus) and birches 
(Betula) performed at the Leiden University Hospital, localised in the Wes-
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tern part of the Netherlands (Fig. 7.1) over a period of nine years (1977-
1985). 
The pollen samplings were performed with the Burkard volumetric pollen 
trap. The concentrations were expressed as mean number of pollen grains per 
m
3
 air per 24 hours. The aero-palynological sampling and counting method has 
been described in detail elsewhere (Spieksma, 1983). 
The start of the grass pollen season was defined and determined as fol­
lows. The respective dates in the 9 years on which the sum of the mean 
numbers of grass pollen particles per m 3 air per 24 hours (accumulated from 
January 1st) was 50, 75, 100 and 125 were calculated. 
These four limiting values were designated the Σ50-, Σ75-, Σ100- and 
2125-method respectively. In this way the mean dates at which the Σ50 
through £125-method of the grasses were attained (y) with the corresponding 
standard deviations (S ). 
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Figure 7.1. 
Pollen have been collected at 
Leiden, the Netherlands. 
To predict the start of the grass pollen season, a phenological method was 
used. Phenology is the science which studies periodical phenomena in flora 
and fauna in relation to climate. Sometimes a study of observations on plant 
species over several years reveals relationships in timing between different 
phenomena such as flowering seasons (Tivy, 1982). The phenological method 
with the aid of pollen counts was used to relate the start of the grass 
pollen season to the start of the pollen season of another plant type that 
normally flowers earlier (the "indicator plant"). 
In order to trace a phenological relationship the starting dates of the 
flowering of oak, birch and grass pollen season - all defined by the Z50-me-
thod - were calculated and represented in a graph (Fig. 7.2). This graph was 
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used to decide which plant species seemed the most suitable indicator plant 
for predicting the start of the grass pollen season. A suitable indicator 
plant should fulfil the following two criteria: 
1. The indicator plant should flower at least two weeks earlier than the 
grasses, in view of the time required for stabilising the pollinosis 
patient by appropriate medication, preventing symptoms of pollinosis. 
Some medications need a period of 1-2 weeks to attain optimal efficacy. 
2. There should be a statistically significant relationship between the 
starting dates of the pollen seasons of the indicator plant and that of 
the grasses. 
Birch seemed the suitable indicator plant (see Fig. 7.2), so the start of 
the birch pollen season was defined and determined in the same way as the 
start of the grass pollen season (x: the mean date at which the birch at­
tains Σ50 through Σ125 grains; S : the corresponding standard deviations). 
Figure 7.2. Dates at which the ZSO-method was attained at Leiden during the 
years 1977 through 19851 
• Poaceae (Grasses); • Quereus (Oak); A Betula (Birch). 
Moreover, for the birch, the Z25-method has been added to the series. These 
series of dates were used for calculating relationships between the start of 
the pollen season of the birch and grasses using the regression method. The 
possibility of predicting the starting date of the grass pollen season was 
studied by comparing the standard deviations in starting dates with and 
without taking the indicator plant (birch) into consideration. 
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The regression method 
The regression line ζ = ax + b was calculated (z = predicted starting date 
of the grass pollen season, χ - the starting date of the birch pollen peri­
od, a - direction coefficient of the regression line, b - constant). The 
residual standard deviation (Sr) was determined with the equation: 
Z(z-y)2 
Sr - V , 
n-2 
in which y = starting date of the grass pollen period and η - number of 
years of observations (Table 7.III). 
The efficacy of the regression method (e^) was calculated with the equa-
t i o n
 Sr 
e - 100 - (-г- .100) Ζ. 
r Sy 
The correlation coefficient (r) was calculated with the equation 
Sx 
г = a . — . 
Testing whether г deviates significantly from zero is possible only if a 
bivariate normal distribution of χ and у is assumed. This assumption seems 
rather hazardous in this case, as it cannot be verified due to an insuffi­
cient number of observations. So as to be able to test nevertheless. Spear­
man's rank correlation coefficient was calculated as well. The value of this 
rank correlation coefficient can be tested without assuming bivariate nor­
mality. 
7.4. RESULTS 
Determination of the start of the grass pollen season 
Table 7.1 shows the starting dates of the grass pollen season, the mean 
starting dates, the corresponding standard deviations, and the start of the 
grass pollen season, being defined according to the four limit-setting 
Σ-methods. 
It is apparent from the table that the mean start of the grass pollen 
period at Leiden (1977-1985), dependent on the method of definition of this 
start, varies from May 14th (SD 4.2 days; Z50-method) to May 24th (SD 4.7 
days; Z125-method). According to the Σ100- method the earliest start was in 
1981 (May 15th) and the latest in 1979 (May 28th). 
In view of the criteria to be fulfilled by an indicator plant, figure 7.2 
shows that at Leiden the birch is more suitable for the prediction of the 
start of the grass pollen period than the oak. 
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GRASSES £50-method 
YEAR date 
X75-method 
date 
19/5 
1β/5 
26/5 
14/5 
12/5 
19/5 
13/5 
20/5 
16/5 
ZlOO-method 
date 
20/5 
24/5 
28/5 
16/5 
15/5 
21/5 
17/5 
24/5 
19/5 
£125-i>ethod 
date 
23/5 
27/5 
29/5 
18/5 
19/5 
22/5 
20/5 
31/5 
21/5 
•77 
•78 
•79 
'80 
•81 
•82 
•83 
'84 
'85 
18/5 
10/5 
21/5 
12/5 
11/5 
17/5 
08/5 
15/5 
16/5 
Mean 
SD 
14 May 
4.2 days 
18 May 
4.3 days 
21 May 
4.6 days 
24 May 
4.7 days 
Table 7.1. The starting dates at which the Σ50- through Σ125-ιηθίΙιοά3 of the 
grasses (Poaceae) were attained at Leiden during the years 1977 
through 1985, and the calculated mean starting dates of flower­
ing, with standard deviations (SD). 
Table 7.II shows the starting dates of the birch pollen season, the mean 
starting dates and the corresponding standard deviations, the start of the 
birch pollen period being defined according to five Σ-methods: the Σ25-, 
Σ50-, Σ75-, Σ100- and X125-method. It is apparent from this table that the 
BIRCH 
YEAR 
7 
•78 
•79 
'80 
'81 
'82 
'83 
'84 
'85 
X25-metb. 
date 
12/4 
18/4 
15/4 
12/4 
10/4 
06/4 
16/4 
21/4 
18/4 
X50-meth. 
date 
18/4 
23/4 
22/4 
13/4 
10/4 
16/4 
17/4 
22/4 
19/4 
Z75-iiieth. 
date 
20/4 
24/4 
24/4 
14/4 
10/4 
19/4 
17/4 
22/4 
19/4 
ΣΙΟΟ-meth. 
date 
21/4 
25/4 
27/4 
15/4 
10/4 
20/4 
17/4 
22/4 
19/4 
Ì125-meth. 
date 
22/4 
26/4 
29/4 
15/4 
10/4 
22/4 
17/4 
23/4 
21/4 
Mean 
SD 
14 April 
4.8 days 
18 April 
4.4 days 
19 April 
4.6 days 
20 April 
5.2 days 
21 April 
5.8 days 
Table 7.II. The starting dates at which the Σ50- through Σ125 -methods of 
the birch (¿etuie) were attained at Leiden during the years 1977 
through 1985, and the calculated mean starting dates of flower-
ing, with standard deviations (SD). 
Ill 
mean start of the birch pollen period at Leiden, dependent on the method of 
definition, varies from April 14th (SD 4.θ days; X25-method) to April 21st 
(SD 5.8 days; S125-method). According to the XI25-method the earliest start 
was in 1981 (April 10th) and the latest in 1979 (April 29th). 
Pbenological method of predicting the flowering of grasses 
Table 7.Ill presents a survey of the starting dates of the grass pollen 
period in relation to the starting dates of the pollen season of the birch 
(indicator plant), according to the regression method based on pollen counts 
at Leiden. 
This table shows that in many cases the start of grass pollen period at 
Leiden can be predicted more accurately than taking the average of the 
preceding years by applying the regression method with the birch as indica­
tor plant: the efficacy of the regression method (e ) in predicting the 
start of the grass pollen season is positive for 17 of 20 predictions. The 
positive e
r
 varies from +2.4Z (for the Z75-method birch - X50-method gras­
ses) to +65.2Z (for the X125-method birch - XlOO-method grasses). For 6 of 
the 20 predictions the e^ has a value i +5QZ· 
This means that in these б cases the prediction of the start of the grass 
pollen season, applying the regression method with the birch as the indica­
tor plant, is at least twice as accurate as the prediction of the start of 
grass pollen season not based on the start of the birch pollen period. 
Twelve of the 20 possible rank correlations between the start of the 
birch - and grass pollen season prove to be significant (p S 0.05). Table 
7.Ill shows that the three relationships with the lowest Sr (Sr £ 2 days), 
the highest efficacy (e > +55Z) and the highest correlation (r>0.80) are: 
X75-method birch with XlOO-method grasses, XlOO-method birch with XlOO-met­
hod grasses and X125-method birch with XlOO-method grasses. In figure 7.3 
these three most effective methods of prediction are marked χ . The stron­
gest relationship is that between X125-method birch and XlOO-method gras­
ses, which is presented in figure 7.4. 
Thus, the start of the grass pollen season (XlOO-method, 2 in day-of-year 
numbers) at Leiden and environs can be accurately predicted by the X125-me-
thod birch (x in day-of-year numbers) by applying the equation г = 0.68x + 
65.33 (SD = 1.6 day; г = 0.86; efficacy e = +65.2Z). 
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Method 
birch 
Σ 
25 
50 
75 
100 
125 
Method 
grasses 
X 
SO 
50 
50 
50 
50 
s, 
days 
4.2 
4.2 
4.2 
4.2 
4.2 
Sc 
days 
4.5 
4.2 
4.1 
3.9 
3.8 
e τ 
Ζ 
-7.1 
0.0 
2.4 
7.1 
9.5 
г 
-0.10 
0.32 
0.45 
0.52 
0.5В 
г' 
-0.26 
0.18 
0.43 
0.51 
0.50 
Ρ 
п.s. 
п.s. 
п.s. 
п.s. 
п.s. 
а 
-0.09 
0.31 
0.41 
0.42 
0.42 
Ъ 
143.85 
101.18 
89.75 
88.34 
87.91 
25 
50 
75 
100 
125 
75 
75 
75 
75 
75 
4.3 
4.3 
4.3 
4.3 
4.3 
4.5 
3.3 
2.8 
2.1 
2.1 
-4.7 
23.3 
34.9 
51.9 
51.2 
0.20 
0.72 
0.81 
0.86 
0.88 
0.20 
0.68 
0.83 
0.90 
0.90 
п.s. 
* 
* 
* 
• 
0.18 
0.70 
0.76 
0.71 
0.65 
118.86 
62.06 
54.86 
59.72 
65.65 
25 
50 
75 
100 
125 
100 
100 
100 
100 
100 
4.6 
4.6 
4.6 
4.6 
4.6 
4.1 
2.3 
2.0 
1.8 
1.6 
10.9 
50.0 
56.5 
60.9 
65.2 
0.38 
0.79 
0.84 
0.86 
0.86 
0.39 
0.83 
0.95 
0.99 
0.99 
п.s. 
* 
• 
* 
* 
0.36 
0.83 
0.89 
0.76 
0.68 
103.07 
51.02 
43.85 
57.25 
65.33 
25 
50 
75 
100 
125 
125 
125 
125 
125 
125 
4.0 
2.7 
2.8 
3.0 
2.9 
14.9 
42.6 
40.4 
36.2 
38.3 
0.58 
0.84 
0.83 
0.79 
0.79 
0.49 
0.90 
0.95 
0.97 
0.96 
п.s. 
* 
* 
* 
* 
0.57 
0.90 
0.85 
0.73 
0.64 
84.02 
46.36 
50.91 
63.42 
72.69 
Table 7.III. Results of the regression calculations of the starting date of 
the flowering of grasses (defined by the Σ50- through Z125-me-
thods), using the birch as an indicator plant. Pollen counts at 
Leiden (1977-1985). 
S y - the standard deviation of the mean start of grass 
flowering. 
S
r
 - the residual standard deviation of the prediction by 
the regression method using the birch as indicator plant. 
e
r
 - the predictive value of the regression method in percents. 
r - Pearson's correlation coefficient, indicating the extent 
to which the variables χ and y correlate according to the 
regression method. 
r' - Spearman's rank correlation coefficient, indicating the 
extent to which the variables xr and yr correlate accord­
ing to the rank correlation method. 
ρ - tail probability of Spearman's rank correlation test. 
n.s. (not significant): p>0.05; *: ρ S 0.05. 
a - direction coefficient of the regression line z-ax+b. 
b - constant of the regression line z-ax+b. 
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Figure 7.3. The standard deviations (SD) of the start of the grass pollen 
season and of the phenological prediction methods at Leiden 
(1977-1985). 
о - SD of the mean starting-date of the flowering of the 
grasses (S
x
). 
D = SD of the regression method using the birch as the 
indicator plant (S
r
). 
is = most suitable methods. 
Date at which 
EI00/E125pol]cn 
члте attained 
June 
May 
Apnl 
E100-pollen 
Grasses (Poaceae) 
mean May 21 
SD 4 6 days 
ШЗ-роІІеп 
Birch (Belala) 
mean April 21 
SD 5 В days 
Figure 7.4. The start of flowering according to the Σ125-method for birches 
and the ΣΙΟΟ-method for grasses at Leiden (1977-1985). The 
mean difference amounts to 30.9 days. 
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7.5. DISCUSSION 
The literature shows no consensus about the start of the pollinosls season, 
nor about that of the grass pollen season (Driessen et al, 1987; Driessen 
and Moelands, 1985; Spieksma, 1980; Spieksma et al, 1985). In the Nether-
lands and elsewhere in Western Europe, grass pollen is by far the most 
important cause of pollinosls. 
The exact relationship between the number of grass pollen grains per ms 
air per 24 hours (the material of this study) and the occurrence or non-
occurrence of pollinosls symptoms, however, is still obscure. Only some 
relationship is to be expected between mean pollen concentrations in the air 
and pollinosls symptoms (Spieksma 1980; Spieksma, 1983; Leuschner and Boehm, 
1978). In this respect interindividual differences in sensitivity to grass 
pollen are likewise to be of importance (Solomon 1984). Davies and Smith 
(1973) observed that all pollinosls patients showed symptoms when on a day 
the number of grass pollen grains (measured on the roof of a London hospi-
tal) exceeded 50/m3. Other studies, however, have failed to confirm this 
(Gronemeyer, 1967; Connell, 1969; Davies, 1985). 
All in all therefore, an unequivocal quantatitive relationship between 
the period with pollinosis symptoms and the grass pollen season remains to 
be established. There is no doubt that a particular concentration of air-
borne grass pollen is a prerequisite for the onset of pollinosis symptoms. 
Our method of the prediction of the grass pollen period provides a valuable 
forecasting of the start of the period when pollinosis symptoms may occur. 
One of the consequences of inadequate forecasts of onset is that anti-
allergic medication is often started only after pollinosis symptoms have 
occurred; this often coincides with the peak grass pollen period, about the 
beginning of June. 
However, there are several grass species that flower early (from April/-
May on) and they may also give rise to pollinosis symptoms. Accurate predic-
tion of the start of the flowering of these early grass species is especial-
ly important to the institution of anti-allergic medication for those pol-
linosis patients specifically sensitive to early-flowering grasses. 
If medication is started after pollinosis symptoms have developed, the 
so-called priming effect has already occurred. This is to say that, due to 
frequent exposures to grass pollen, the number of grass pollen grains re-
quired to cause the same grade of pollinosis symptoms, gradually diminishes 
(Connell 1969). Moreover, some anti-allergic agents require a period of 1-2 
weeks before they take effect. During this period in which the medication is 
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taken, symptoms may continue as prophylaxis often needs some time before 
becoming effective. This means that the (undesirable) priming effect may 
develop even though medication has already started. 
Exact determination of the starting date of the grass pollen season also has 
diagnostic importance: symptoms of pollinosis developing prior to the grass 
pollen season cannot be ascribed to the pollen of grasses but must be due to 
plants flowering before them, e.g. black elder (.Alnus glutinosa), birch 
(Betuia) and hazel (Corylus avellana) or to other allergens. 
In the literature the beginning and duration of the pollen period are defi­
ned according to different methods. Mullenders et al (1972) defined the main 
period as beginning on the day when five days' concentration reaches at 
least 1Z of the joint total during three consecutive days and ends when the 
concentration is less than 0.9Z during more than 10 days, corresponding in 
general to 85Z of the whole pollen catch of the year, starting from 10Z in 
the beginning to 5Z in the end. Lejoly-Gabriel (1978) defined the beginning 
of the main period as starting from the day when the sum of concentration 
reaches 5Z of the total amount, provided that this particular day contribu­
ted at least 1Z of the total. The main period ends on the last day with 
more than 1Z of the total preceeded by two days with a joint total of at 
least 3Z. Pathirane (1975) defined the main pollen season for Betula graphi­
cally as lasting between two inflexion points of a sigmoid curve. In this 
study the main pollen period is defined as the period from which the sum of 
concentrations (daily means) reaches 5Z of the total sum until the time when 
the sum reaches 95Z, i.e. the main pollen season with 90Z of the whole 
pollen amount. 
We consider all these methods useful to compare the beginning and dura­
tion of a pollen period during several years, but not suitable to determine 
the start of the grass pollen season on behalf of hay fever patients, be­
cause all these methods can only be used in retrospect. On the other hand 
the outcome of the one(5)Z-method is largely dependent on factors other than 
those that specifically determine the start of grass flowering, as the 
one(5)Z-limit is determined by the annual total of grass pollen grains and 
therefore in part dependent on the weather conditions throughout the whole 
season. The start of the flowering of grasses, however, depends only on the 
weather conditions preceding their flowering. The ΣΙΟΟ-method is a better 
reflection of these circumstances. 
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In this study an attempt has been made to predict as accurately as possible 
the starting date of the grass pollen season for Leiden and environs with 
the aid of plants flowering earlier (indicator plants), using pollen counts. 
We defined the start of the flowering of grasses by four limit-setting 
methods: the Σ50-, Σ75-, Σ100- and Z125-method. 
Because pollen counts depend on, among other things, the composition of 
the flora in the immediate vicinity of the spore trap, the relationship 
indicated by this study would seem to apply solely to the measurement site 
(Leiden and environs). Results at another place in the Netherlands (Helmond) 
will be published soon. 
Our findings warrant the conclusion that the start of the grass pollen 
season by the ΣΙΟΟ-method (z in day-of-year numbers) at Leiden and environs 
can be accurately predicted with the Σ125-πΐθίΙιοα for birches (x in day-of-
-year numbers) by applying the equation ζ = 0.68x + 65.33 (SD - 1.6 day; r -
0.86; efficacy e - +65.22). Therefore, the commencement of the flowering of 
grasses after dormancy may be dependent on the weather conditions at the 
time of the event or shortly before, but also and perhaps even more on those 
of the preceding season. 
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8.1. ABSTRACT 
To determine the best date for patients in the southern part of the Nether­
lands to begin treatment for pollinosis, an attempt was made to predict the 
start of the grass pollen season at Helmond as accurately as possible, as 
was previously done at Leiden. The start of the grass pollen season was 
defined as the date when at a given location the accumulated total (from 1 
Jan.) of 24 h average grass-pollen concentrations (No./ms) reaches 100 (the 
so-called IlOO-method). Using the phenological method over the years 1981 
through 1985, with the birch (Σ125=χ) as the indicator plant, the start of 
the grass pollen period (XlOO-z) could be predicted much more accurately 
than would have been possible solely on the basis of the mean starting dates 
in the preceding years. The predicted starting date (z) can be calculated 
with the equation z=0.44x + 95.46 (x and ζ as day-of-the-year numbers), SD -
3.6 days, r - 0.83, η = 5). The SD of the ΣΙΟΟ-method of grasses being 5.6 
days, the effectivity of the prediction is 35.7Z. The difference in results 
between Helmond and Leiden is discussed. 
8.2. INTRODUCTION 
Additional to a previous publication on the start of the grass pollen season 
in the western part of the Netherlands (Driessen et al. 1989), this paper 
reports on a comparable study performed in the southern part of that coun­
try. 
The literature shows no consensus about the start of the pollinosis 
season (i.e. the period when pollinosis patients display symptoms), nor 
about the start of the grass-pollen season. Partly as a result of this, 
comparable groups of patients show considerable diversity in the start and 
the duration of their season-bound medication (Driessen et al. 1989a). An 
accurate prediction of the start of the grass-pollen season would facilitate 
a more exact definition of the period of seasonal medication for pollinosis 
patients. 
The pollinosis season starts when the air contains a sufficient amount 
of grass pollen to cause symptoms of pollinosis. Although the relationship 
between the pollinosis season and the grass-pollen season is not known 
exactly, we may assume that a prediction of the start of the grass-pollen 
season can be used to forecast the start of the period of potential pol­
linosis symptoms. 
Season-bound anti-allergic medication is generally started only after 
the onset of pollinosis symptoms. The serious drawback of this policy is the 
occurrence of the so-called "priming effect": i.e. the same level of pollen 
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exposure causes considerably more severe symptoms after a lapse of time 
(Connel 1969). Of course this effect is all the more pronounced when start­
ing a therapy which does not become effective until after a number of days 
or weeks, as for instance cromoglycate medication. 
The above clearly demonstrates the importance of an accurate prediction 
of the start of the grass-pollen season. 
8.3. MATERIAL AND METHODS 
This study is based on observations on the daily pollen concentrations of 
grasses (Poaceae), oaks (Quercus), birches {Betula), pines (Pinas), willows 
(Saiix), ashes (Fraxinus) and dock (Rumex), performed at the St. Lambertus 
Hospital at Helmond. Helmond is located about 125 km south-east of Leiden 
(see Fig. 7.1 in Driessen et al. 1989a, pag. 110). 
The pollen grains were sampled with the Burkard volumetric pollen trap. 
The concentrations were expressed as mean number of pollen grains per m 3 air 
per 24 hours. 
The start of the grass-pollen season was defined and determined as fol­
lows. The respective dates (counting from 1st January) at which the sum of 
the mean numbers of grass-pollen grains per m 3 air per 24 hours reached 50, 
75, 100 and 125, were determined. These four limiting values were designated 
the Σ50-, Σ75-, Σ100- and Σ125-ιηε11^ respectively. In this way the mean 
dates at which the Σ50- through Z125-method of the grasses were attained 
(y), with the corresponding standard deviations (S ), were determined. 
To predict the start of the grass-pollen season, a phenological method 
was used, as previously described (Driessen 1989a; Moelands & Driessen 1984; 
Driessen & Moelands 1985). 
In order to trace a phenological relationship for prediction of the start 
of grass flowering, the starting dates of the flowering of oaks, birches, 
pines, ashes, willows and grasses (defined by the Σ50-method) were deter­
mined and plotted in a graph (fig. 8.1). This graph was used to select the 
species that seemed most suitable as an indicator plant for predicting the 
start of the grass-pollen season. A suitable indicator plant should meet 
certain criteria, as previously defined (Driessen et al. 1989a). 
The start of the birch-pollen season (the birch proved to be the most suita­
ble indicator plant) was defined and determined in the same way as the start 
of the grass-pollen season (x: the mean dates at which the Σ50- through 
Σ125-ιηβίΙιοα8 of the birch were attained; S : the corresponding standard 
deviations). For the birch, moreover, the Σ25-ιηβΙΙιοά was added to the se­
ries. 
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Date al when №e 
ISO-method 
was attained 
•81 62 83 Ъ4 те yws 
Figure B.l. Phenological graph based on pollen counts according to 
the Z50-method (Helmond, 1981 through 19Θ5). 
The regression line ζ - ax + b was calculated (z - predicted starting 
date of the grass pollen season; χ = starting date of the birch- pollen 
period; a - direction coefficient of the regression line; b - constant). The 
residual standard deviation (Sr), the efficacy of the regression method (e ) 
and the correlation coefficient (r) were calculated with the equations 
mentioned in previous publications (Driessen et al. 1989a; Driessen et al. 
1987). 
Testing whether r deviates significantly from zero is possible only if a 
bivariate normal distribution of χ and у is assumed. In this case this seems 
rather risky, and unverifiable here, due to an insufficient number of obser­
vations. So as to be able to test nevertheless. Spearman's rank correlation 
coefficient was calculated as well. This is based on the rank numbers of the 
original observations (rank number 1 corresponds with the year in which the 
earliest start of the birch pollen season occurred, etc.). 
The value of this rank correlation coefficient can be tested for sig­
nificance without assuming bivariate normality. The tail probability ρ is 
assumed to be S 0.0S. 
8.4. RESULTS 
Determination of the start of the grass-pollen season 
Table 8.1 shows the starting dates of the grass-pollen season in the years 
1981 through 1985 at Helmond, defined according to the four limit-setting 
Σ-methods, and the mean starting dates with corresponding standard devia­
tions calculated from them. 
It is apparent that the mean start of the grass-pollen season at Helmond, 
dependent on the method used to define this start, ranges from 9th May (SD 
7.1 days; Σ50-method) to 22nd May (SD 5.0 days; Σ125- method). According to 
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the XlOO-method the earliest start was in 1981 (12th May) and the latest in 
1984 (23rd May). 
Table 8.1. Grass pollen counts at Helmond (1981 through 1985). 
GRASSES XSO-method 
YEAR 
•ei 
'82 
'83 
'84 
•85 
Mean 
SD 
date 
02/5 
14/5 
30/4 
14/5 
12/5 
9 Hay 
7,1 days 
X75-method 
date 
10/5 
17/5 
04/5 
19/5 
14/5 
13 May 
6,2 days 
ΣΙΟΟ-method 
date 
12/5 
21/5 
11/5 
23/5 
17/5 
17 May 
5,6 days 
X125-method 
date 
15/5 
23/5 
27/5 
24/5 
18/5 
22 May 
5,0 days 
The dates when the X50-Z125-methods of grasses (Poaceae) were attained and 
the mean starting dates of flowering calculated from them, with the standard 
deviations (SD). 
Determination of the start of the flowering of the indicator plants 
In identifying the indicator plant, most suitable for prediction of the 
start of the grass-pollen season at Helmond, figure 8.1 was used, showing 
the starting dates of the pollen periods of grasses, oaks, birches, pines, 
willows, ashes and dock, defined according to the X50-method. 
In view of the two previously defined criteria to be fulfilled by a 
suitable indicator plant (Driessen et al. 1989a), figure 8.1 warrants the 
conclusion that only the birch, the ash and the willow could be suitable 
indicator plants to predict the start of the grass-pollen season at Helmond. 
Because at Leiden, where more data (year figures) were available, the birch 
proved to be a highly suitable indicator plant, it was decided for the sake 
of uniformity to use the same plant for the data collected at Helmond. 
Table 8.II shows the starting dates of the birch-pollen season, with the 
mean starting dates and the corresponding standard deviations. The starting 
dates were defined according to the five limit-setting Σ-methods. The table 
shows that the mean start of the birch-pollen season at Helmond ranges from 
4th April (SD 10.6 days; 225-method) to 14th April (SD 7.3 days; X125-me-
thod). 
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Table 8.II. Birch-pollen counts at Helmond (19Θ1 through 1985). 
BIRCH X25-meth. X50-meth. S75-meth. XlOO-meth. X125-meth. 
YEAR 
•81 
'82 
•83 
'84 
•85 
Mean 
SD 
date 
31/3 
05/4 
20/3 
15/4 
12/4 
4 April 
10,6 days 
date 
03/4 
06/4 
08/4 
20/4 
18/4 
11 April 
7,9 days 
date 
05/4 
06/4 
11/4 
21/4 
18/4 
12 April 
7,4 days 
date 
06/4 
06/4 
14/4 
21/4 
18/4 
13 April 
7,2 days 
date 
06/4 
07/4 
16/4 
22/4 
18/4 
14 April 
7,3 days 
The dates when the X25-X125-methods of the birch (Betula) were attained and 
the mean starting dates of flowering calculated from them, with the standard 
deviations (SD). 
Prediction of the flowering of grasses bj the phenological method 
Table 8.Ill presents a survey of the starting dates of the grass-pollen 
season in relation to the starting dates of the birch-pollen season (in­
dicator plant), according to the regression method based on pollen counts at 
Helmond. The relationship thus found can be used to predict the start of the 
flowering of grasses at Helmond, using the regression method with the birch 
as indicator plant. In a number of cases this enabled an accurate prediction 
of the start of the grass-pollen season. The efficacy of the regression 
method (e ) in predicting the start of the grass-pollen season is positive 
for 12 of 20 predictions. The positive e varies from +1.8Z (for the X75-
method birch vs. XlOO-method grasses) to +50.02 (for the X25-method birch 
vs. X75-method grasses). For three of the total of 20 correlations studied, 
er exceeds +35Z. This applies to the correlation between the X50-, Σ75-, and 
XlOO-method grasses and the date at which the 25th birch-pollen grain per m 3 
air is collected (X25-method birch). These values are underlined in table 
8.III. 
The respective e values are +47.92, +50.02 and +35.72. This means that 
in these three cases the prediction of the start of the grass-pollen season 
at Helmond, using the regression method with the birch as indicator plant, 
is more than 352 more accurate than the prediction based only on the average 
of the start of the grass-pollen season of the preceding years. 
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Table 8.III. Relations between birch- and grass pollen counts at Helmond 
(1981 through 1985). 
Method Method Sy S
r
 e
r
 r r' ρ a b 
Birch Grasses (days) (days) (Z) 
Σ X 
25 
50 
75 
100 
125 
27 
50 
75 
100 
125 
25 
50 
75 
100 
125 
25 
50 
75 
100 
125 
50 
50 
50 
50 
50 
75 
75 
75 
75 
75 
100 
100 
100 
100 
100 
125 
125 
125 
125 
125 
7.1 
7,1 
7.1 
7.1 
7,1 
6,2 
6.2 
6,2 
6.2 
6.2 
5,6 
5.6 
5,6 
5.6 
5.6 
5.0 
5,0 
5,0 
5,0 
5,0 
1*2 
6.4 
6,8 
7,6 
7,8 
3.15 
6,2 
6.5 
6.8 
6.9 
3.6 
5.2 
5.5 
5,8 
6.1 
5.6 
5.6 
5.5 
5.3 
5.0 
47.9 
9.9 
4,2 
-7,0 
-9,8 
0,0 
0,0 
-4.8 
-9.7 
-4,5 
35,7 
7,1 
1,8 
-3.6 
-8.9 
-12,0 
-12,0 
-10,0 
- 6,0 
- 0,0 
0.88 
0.62 
0,51 
0.37 
0.33 
0.92 
0.55 
0,44 
0.29 
0.25 
0.83 
0.61 
0.53 
0,40 
0,39 
-0,19 
0.24 
0.30 
0.37 
0,48 
0.90 
0,50 
0,50 
0,41 
0,50 
0.90 
0.50 
0,50 
0,41 
0,50 
0.90 
0,50 
0,50 
0,41 
0,50 
-0,10 
0,50 
0.50 
0,41 
0,50 
0,05 
η.s. 
η.s. 
η.s. 
η.s. 
0.05 
η.s. 
η.s. 
η.s. 
η.s. 
0.05 
η.s. 
η.s. 
η.s. 
η.s. 
η.s. 
η.s. 
η.s. 
η.s. 
η.s. 
0.59 
0.56 
0,49 
0,36 
0,32 
0,54 
0,43 
0.37 
0,25 
0,21 
0.44 
0.43 
0,40 
0.31 
0,30 
-0,09 
0.15 
0.20 
0,26 
0.33 
72.90 
72,44 
78,67 
91,57 
95,32 
82,02 
89.48 
95,26 
107,20 
111,16 
95.46 
93.48 
96,04 
105,07 
105,80 
150,10 
126.42 
121,12 
114,77 
107,68 
Results of regression calculations of the starting date of grass flowering 
(defined by the X50-I125-methods), using the birch as indicator plant. 
Sy • standard deviation of the mean starting date of grass flowering. 
S = residual standard deviation of the regression method with the birch as 
indicator plant (i.e standard error). 
e « predictive value of the regression method in percents. 
r - Pearson's correlation coefficient. 
r' - Spearman's rank correlation coefficient. 
ρ = tail probability of Spearman's rank correlation test. 
n.s.: not significant, p>0.05. 
a - direction coefficient of the regression line y-ax+b. 
b " constant of the regression line y-ax+b. The three correlations with the 
lowest S , highest e and highest r and r' are underlined. 
Three of the 20 possible correlations between the start of the birch-pol­
len season and that of the grass-pollen season prove to be significant. The 
correlation between the X50-, X75- and XlOO-method grasses and the X25-meth-
od birch has a rank correlation coefficient r' of 0.90 (p-0.05). 
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Table β.Ill shows that the three relationships with the lowest S (S S 4 
days), the highest efficacy (e ¿. 35Z), and the highest correlation (r > 
0.80) are: Σ25-method birch versus ISO-method grasses, Z25-method birch 
versus X75-method grasses and Z25-method birch versus ΣΙΟΟ-method grasses. 
These three most effective methods of prediction are marked with χ in figure 
B.U. 
The strongest relationship is that between X25-method birch and Z75-meth-
od grasses, which can be defined as follows: the start of the flowering of 
grasses (X75-method, ζ in day-of-year numbers) at Helmond and environs can 
be predicted by the Z25-method birch (x in day-of-year numbers) by applying 
the equation χ - 0.54x + 82.02 (SD - 3.1 days; r - 0.92; efficacy e 
+50.0Z). 
In view of the results obtained at Leiden, where the XlOO-method grasses 
can be predicted best by the X125-method birch, it should also be mentioned 
that at Helmond the start of the flowering of grasses according to the 
XlOO-method (z in day-of-year numbers) also can be predicted by the Σ25-
method birch (x in day-of-year numbers) by applying the equation ζ - 0.44x + 
95.46 (SD 3.6 days; r - 0.83; e - 35.7Z). This relationship between the 
start of birch flowering (X25-method) and the start of grass flowering 
(XlOO-method) at Helmond is shown in figures 8.2 and 8.3; in figure 8.3 the 
Helmond data have been converted to day-of-year numbers (1st January » day 
1, etc.). 
Date at which 
Σ100/Σ25 pollen 
was attained 
June 
May 
April 
March 
Figure 8.2. 
The s t a r t of b irch flowering 
(Σ25-method) and grass flowering 
(XlOO-method) a t Helmond (1981 
through 1985). The mean di f ference 
i s 4 2 . 6 d a y s . 
Σ100 pollen 
Gramineae (Grasses) 
mean 17 May 
SD 5.6 days 
Σ 25 pollen 
Betula (Birch) 
mean 4 April 
SD 10.6 days 
'81 82 '83 '84 '85 years 
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Figure 8.3. 
Relationship between the day-of-
year numbers (1st January - 1, 
etc.) of the start of birch flo­
wering (X25-method) and grass 
flowering (ΣΙΟΟ-method) at Helmond 
(1981 through 1985), and the 
regression line calculated. 
Σ 25-methocl Birch z-0.44x + 95.46 
8.5. DISCUSSION 
For a detailed discussion of possible applications of our research results 
we refer to Chapter 7 about pollen counts at Leiden (Driessen et al. 1989a). 
These considerations apply equally to Helmond, as well as to any other 
location. The conclusion, briefly, is that the period of medication for 
pollinosis patients can be more accurately defined, based on the prediction 
of the grass-pollen season. This discussion does go into detail about simi­
larities and differences between grass- and birch-pollen counts at Leiden 
(1977 through 1985) and at Helmond (1981 through 1985). 
The grass-pollen counts performed at Leiden and at Helmond were carried 
out at both locations with the Burkard volumetric pollen trap. Comparison of 
these pollen counts shows that grass flowering starts later at Leiden than 
at Helmond. It seems unlikely that this difference could be explained by the 
fact that Helmond is further from the coast. Although with a landward wind 
the pollen counts at Leiden are less than those at Helmond - due to the 
short overland distance at Leiden with winds between NW and SSW (Spieksma 
and den Tonkelaar 1986) - the total grass-pollen counts at Leiden and Hel­
mond (1975-1984) are identical. 
At this time we are unable to explain the diminishing difference between 
the start of the grass flowering at Leiden and at Helmond when defined by 
the Σ50- or X125-method (see table 8.IV). 
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Figure 8.4. The standard deviation (SD) of the start of the grass pollen season and the phenological 
prediction methods at Helmond (1981 through 19Θ5). 
• = SD of the mean starting dates of grass flowering (S ). 
D - SD of the regression method with the birch as indicator plant (S ). 
В - most suitable method. 
Table 8.IV. Starting dates of grasses at Leiden and at Helmond. 
BIRCH 
method 
X 50 
Σ 75 
X100 
X125 
L E I D 
Number 
of 
years 
9 
9 
9 
9 
Ε N (1977-1985) 
Mean 
starting 
date of SD 
flowering (days) 
14/5 4,2 
18/5 4,3 
21/5 4,6 
24/5 4.7 
H E L M 
Number 
of 
years 
5 
5 
5 
5 
0 N D (1981-1985) 
Mean 
starting 
date of SD 
flowering (days) 
9/5 7,1 
13/5 6.2 
17/5 5,6 
22/5 5.0 
Difference 
(days) 
- 5 
- 5 
- 4 
- 2 
The mean dates when X50-X125-method grasses was reached at Leiden (1977 
through 1985) and at Helmond (1981 through 1985), with the standard devia­
tions (SD) in days. Also it is indicated how many days earlier the Σ50-
X125-method grasses was reached at Helmond (negative number) than at Leiden. 
It should be borne in mind, however, that the grass-pollen counts at 
Leiden and at Helmond were performed over a period of 9 years and 5 years 
respectively. The altitude at which the counts are performed were: 9 m at 
Leiden and 12 m at Helmond; however, this difference seems to be of little 
significance. It is not known, moreover, whether the grass species that 
determine the (earlier) start of grass flowering at Helmond occur also (and 
to the same extent) at Leiden. This cannot be decided on the basis of grass-
pollen counts because grass pollen grains cannot easily be differentiated 
by species (Driessen et al. 1989b). This would require floristic and vegeta-
tional studies (field observations) in the environs of Leiden and Helmond. 
The difference in climate between Helmond and Leiden might also be of impor­
tance. 
The above factors preclude comparison of the Leiden and Helmond grass-
pollen counts without further qualification. 
Both at Leiden and at Helmond the start of the flowering of grasses (Foace-
ae) has been predicted based on the starting date of birch flowering (¿etu-
ia). Comparing the birch-pollen counts, it is evident that the X-limits were 
attained earlier at Helmond than at Leiden (table 8.V). 
These differences in birch-pollen counts between Leiden and Helmond are 
subject to the same considerations as the above, concerning the differences 
in grass-pollen counts. With respect to the vegetation near the sampling 
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location it is to be borne in mind that near the location of the pollen 
trap at Helmond there are far more birch trees than at Leiden and that 
consequently the daily birch-pollen counts at Helmond always exceed those at 
Leiden. 
Table 8.V. Starting dates of birch flowering at Leiden and at Helmond. 
BIRCH 
method 
X 25 
X 50 
Σ 75 
Σ100 
Σ125 
L E I D 
Number 
of 
years 
9 
9 
9 
9 
9 
Ε N (1977-
Mean 
starting 
date of 
flowering 
14/4 
18/4 
19/4 
20/4 
21/4 
1985) 
SD 
(days) 
4.8 
4.4 
4.6 
5.2 
5.8 
H E L M 
Number 
of 
years 
5 
5 
5 
5 
5 
0 N D (1981-1985) 
Mean 
starting 
date of SD 
flowering (days) 
04/4 10.6 
11/4 7.9 
12/4 7.4 
13/4 7.2 
14/4 7.3 
Difference 
(days) 
-10 
- 7 
- 7 
- 7 
- 7 
• 
The mean starting dates of birch flowering at Leiden (1977 through 1985) and 
at Helmond (1981 through 1985), with the standard deviations (SD) in days. 
It is also indicated how many days earlier the Σ-limit birch at Helmond was 
reached (negative number) than at Leiden. 
Both at Leiden and at Helmond a significant correlation has been establi­
shed between the starting dates of the flowering of birch and of grasses. 
The strength of these correlations, however, depends largely on the method 
of defining the start of birch and grass flowering. It is evident that the 
start of grass flowering (defined according to one particular method) cannot 
be predicted for both locations with equal accuracy when the same method of 
defining is used. The above mentioned difference in composition of flora and 
vegetation in the immediate vicinity of both pollen traps seems an important 
cause of those disparities. Since the influence of the wind-direction is 
greater at Leiden than at Helmond, this factor might also be taken into 
account. The difference in altitude between the two sampling locations is 
probably of no importance. 
To conclude: the pollen counts at Leiden and at Helmond clearly show a 
strong phenological correlation between the start of birch flowering and 
that of grass flowering. The prediction of the starting date of grass flo­
wering, therefore, is substantially more accurate if the start of birch 
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flovering is taken into account than if only the mean starting date of grass 
flowering is considered. 
Although it is interesting to search for differences and similarities 
between the pollen count results at Helmond and at Leiden, the phenological 
relationship between birch and grasses per location nevertheless attracts 
most of our attention because this enables us to predict the grass-pollen 
season; and this is of great importance for pollinosis patients. 
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9.1. ABSTRACT 
The pathophysiologic mechanisms of pollen-induced asthma have up to now 
remained unclear, because pollen particles have generally been considered 
too large to penetrate into the lower respiratory tract. Such grains are 
therefore believed to be unable to induce an immunologic response in the 
lower respiratory tract. There is evidence, however, that a small percentage 
of large-sized particles (20-30 μοι) may penetrate into the peripheral areas 
of the lung. It also appears that small airborne units of less than 5 μιη 
with the same antigenic activity as pollen, may contribute to inhaled aller­
gen burdens. 
Pollen asthma probably results from a gradually cumulative effect of 
deposition of small amounts of allergen in lower airways, and is hence 
poorly correlated with daily pollen counts. 
9.2. INTRODUCTION 
It is generally assumed that larger particles such as grass pollen grains 
(about 30 μιη), cannot penetrate into the lower airways; yet a number of 
pollinosis patients develop pollen asthma during the grass pollen season. 
The general view is that all pollen grains are trapped in the nose or oro­
pharyngeal cavity. Consequently, pollen grains are believed to cause only 
symptoms of rhinitis and conjunctivitis. An explanation of pollen asthma 
might be sought in reflex mechanisms or in the presence in the atmosphere of 
small fragments of pollen grains which are capable of penetrating into 
deeper levels of the respiratory tract. 
The lungs and respiratory tract can be regarded as a system, which, in 
adults, is exposed to the outside world via a contact surface area measuring 
about 70 mz. This exposure is limited by two factors: ventilation, which 
normally amounts to 10,000-20,000 litres (10-20 m 3) per day, and the fact 
that the upper airways act as a filter and air conditioner, thus protecting 
the intrathoracic compartment. During the pollen season atmospheric air 
contains 250-1000 pollen grains per m3, so that individuals are exposed to 
some 2,500-20,000 pollen grains daily via the air they inhale. This cor­
responds with an estimated exposure to 0.1-10 ng/day or < 1 g allergen/year 
(1,2). 
The question whether pollen can penetrate into the lower airways and 
there cause an asthmatic reaction is generally answered in the negative, 
because it is assumed that virtually all particles with an aerodynamic 
diameter in excess of 10 μιη are trapped in the upper airways (3-6); pollen 
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grains with wind pollination have a diameter of 10-100 μιη, mostly between 20 
and 30 μιη (7,8). Another argument against deposition in intrathoracic air­
ways is the fact that in asthma (9,10) and pollinosis (11-13) there is no 
or only a poor correlation between clinical symptoms and pollen exposure, 
while in the laboratory pollen inhalation does not lead to bronchoconstric-
tion (5,9). 
We will briefly review relevant determinants of deposition of particles in 
the airways, experimental observations on the site of deposition and attempt 
to achieve a synthesis concerning the relationship between pollen exposure 
and clinical symptoms. 
9.3. DETERMINANTS OF PARTICLE DEPOSITION 
Inhaled particles are deposited on the wall of the respiratory tract by 
impaction, sedimentation and diffusion (6,14,15). In impaction, mass in­
ertia plays a role, and consequently impaction is proportional to the linear 
velocity of a particle, its angle of deviation from the linear, and the 
square of its aerodynamic diameter (d 2). The concept of aerodynamic diameter 
entails correction for particle density as well as for size. Particles of an 
equal aerodynamic diameter have equal sedimentation and inertial behaviour. 
The aerodynamic diameter of spherical particles is proportional to the 
physical (microscopic) diameter and to the square root from the particle 
density in g/cm3 (16). 
The airways may be depicted as a ramifying system of tubes, which from the 
trachea down gives rise to approximately dichotomous divisions, in which the 
diameter of each daughter branch is about 0.8 times that of the mother 
branch. Hence the velocity of particles diminishes progressively during the 
passage from trachea to alveoli as the total cross-sectional area increases. 
According to Weibel's morphometric data (17) particle velocity at the 16th 
order of branches (i.e. at the level of the smallest lobular bronchi), the 
surface area relative to that of the trachea has increased by a factor of 
73, so that the velocity is about 1 per cent of that in the trachea. Owing 
to their higher mass, which varies as the cube of the diameter, nearly all 
particles with a diameter exceeding 10 μιη are impacted onto the nasopharyn­
geal mucosa, whereas smaller particles can reach the tracheobronchial tree 
(6,14,15). Such airborne particles may be subsequently removed by impaction 
at bifurcations, but as the velocity diminishes progressively, sedimentation 
and diffusion become more important. Because the average distance of par-
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tides from the wall becomes progressively less towards the alveoli, deposi­
tion by diffusion and sedimentation plays an ever-increasing role towards 
the periphery. Deposition at an alveolar level mainly involves particles of 
0,5-5 μιη, in intrathoracic airways mainly 5-10 (ш; 50 per cent of all par­
ticles of 0,5 (un are trapped in the lung parenchyma (6). 
The reader is reminded of the fact that, whilst theory predicts that the 
number of larger particles which reach the intrathoracic airways is extreme­
ly small, the volume of a spherical particle varies as the third power of 
its diameter; hence a particle of 10 |im brings 8,000 times as much allergen 
into the lungs as one of 0,5 μπι. The pollen diameter is 10-100 цлі. Since 
only an occasional pollen grain can slip past the nasopharynx (no more than 
1-2Z in nasal breathing, but more in oral breathing (6)), and even then will 
be trapped in the largest intrathoracic airways, the question arises how 
pollen can ever give rise to asthmatic reaction. 
9.4. EXTRAPULMONARY MECHANISMS 
In an effort to explain that pollen provocation unmistakably elicits reac­
tive bronchial obstruction in some patients, a reflex arising from the nose 
or nasopharynx has been postulated. In dogs, electrical and mechanical 
irritation of the nasal mucosa can cause bronchoconstriction, which is 
abolished by vagotomy (18). This is corroborated by the (slight) bronchocon­
striction in healthy human volunteers exposed to silica particles on the 
nasal mucosa, and the protective effect of atropine in these cases (19). 
Rail et al. (20) also found bronchoconstriction after irritation of the 
nasal mucosa in dogs, but this was not elicited via the vagus nerve. In 
cats, Nadel and Widdicombe (21) found that only mechanical irritation of the 
larynx (not of the nose) led to bronchoconstriction. On the other hand there 
is the fact that in ragweed-sensitive asthmatics, despite marked local 
reactions, no bronchoconstriction could be produced by nasal application of 
ragweed (Ambrosia) (5,9) and of histamine (5). In view of this it is less 
likely that reflexes should make a clinically relevant contribution, and 
absorption via the mucosa likewise seems to be of no importance. 
Because inhalations of Poa pratensis gave rise to a late asthmatic reac­
tion, although deposition in the lung was excluded, it has been suggested 
that allergen intake via the gastrointestinal tract might play a role (4). 
Anaphylactic reactions to pollens collected by honey bees and used in health 
goods have been described (22). Recently an anaphylactic reaction a few 
minutes after ingestion of sunflower honey, containing a large number of 
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entomophilous pollens has been reported (23). An argument against an asthma­
tic reaction induced via the gastrointestinal tract is the fact that inges­
tion of 5000 pollen grains packed in a capsule elicited no reaction whatever 
in persons sensitive to the pollen in question (5). 
The above data indicate that "pollen asthma" is caused by still unknown 
mechanisms, or that one of the mechanisms mentioned was mistakenly rejected. 
This question merits a closer look. 
9.5. POLLEN DEPOSITION IN LOWER AIRWAYS 
The first indications that pollen can indeed penetrate into the intrathora­
cic airways came from studies on guinea-pigs exposed to astronomical ragweed 
pollen concentrations in air (88,000-375,000 pollen per litre) (24). Pollen 
grains were found in the trachea in 5 of the б guinea-pigs, in extrapul­
monary bronchi in 2, and in intrapulmonary bronchi in 1 of the animals. 
Since clearance of the airways requires 4-5 minutes in these animals, much 
of what was found in the trachea must have originated from peripheral air­
ways. There had been direct deposition, therefore, but this amounted to less 
than 10 of the dose to which the animals had been exposed. In human volun­
teers, Wilson et al. (4), who carried out bronchial challenge tests by 
administering pollen to inhaled air, found no intrathoracic deposition of 
radioactively labelled Poa pratensis pollen (25 μιη) , but it seems doubtful 
whether the sensitivity of the collimators was adequate; moreover, there may 
have been aggregation of pollen during radio-labelling (25). Michel et al. 
(25), on the other hand, leave little doubt that in humans pollen grains do 
penetrate into lower airways, but they too failed to demonstrate by radiolo­
gical methods that radio-isotope-labelled pollen grains are in fact deposi­
ted in the lung after inhalation. Pollen grains were indeed found in trach­
eobronchial secretions after inhalation (a few to a few thousand pollen per 
ml secretion). Lung resection specimens from five patients who had not 
undergone provocation by inhalation contained tracheobronchial secretions 
with an average of 14 pollen grains per gramme of mucus, while the average 
amount found in lung tissue was 3 pollen grains per gramme. As the pollen 
counts in each case were lower in the lung tissues than in the trachea, the 
suggestion that the pollen grains found come from environmental contaminants 
could be refuted. Moreover, the pollens were different when the different 
respiratory tract levels were studied. In the upper respiratory tract not 
only a higher count was found but also the pollen size was bigger. If the 
pollen had come from environmental contamination the same results should 
have been found whichever level was studied (26). Michel and coworkers (25) 
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also looked into the presence of pollen in animal lungs and airways. In ani­
mals kept indoors for two months prior to slaughter, pollen grains (up to 70 
|im) were always found, even in the periphery of the lung. The amounts of 
pollen found in the lungs of wild boars (IS pollen grains per gramme of 
tissue) markedly exceeded those found in domestic animals kept indoors for 
two months (0.5 pollen grains per gramme of tissue). The pollen species 
found corresponded well with the distribution in the atmosphere. These more 
recent observations indicate that considerable amounts of pollen can indeed 
penetrate far into the lung. 
9.6. DEPOSITION OF POLLEN ALLERGEN 
Fixation on whole pollen has long prevented a search for smaller particles 
with identical antigenic properties. The first experiments in this direction 
were performed by Busse et al. (27) who, using an Andersen sampler, demon­
strated that airborne particles of less than S цлп showed the same antigenic 
activity as pollen. On technical grounds their findings seemed dubious. 
However, these doubts were removed by Solomon et al. (28), who first sucked 
the air through a filter trapping particles larger than 5 μιη, and then col­
lected particles measuring 0.8-5 μιη on a second filter. Extracts of this 
material, in which no pollen or microscopic pollen remnants were encounte­
red, caused positive skin reactions in a patient sensitive to Ambrosia. With 
ELISA techniques, moreover, the extracts gave positive reactions to Ambro­
sia. They concluded that in natural conditions the antigen can be leached 
out from the pollen and then transferred to other airborne particles. Habe-
nicht et al. (29) made similar observations with a filter that trapped 
particles up to 0.2 μιη. 
Agarwal et al. (30) found antigenic activity originating from Ambrosia in 
air samples obtained before and after the pollen season. In a study per­
formed in view of this (11), cascade impaction was used to trap particles in 
five fractions, whereupon an extract was prepared from each fraction. This 
extract was used to perform a RAST inhibition test in relation to components 
of short ragweed (Ambrosia eliator), as well as skin tests in patients 
sensitive to Ambrosia. Significant antigenic activity was found even in 
extracts originating from particles of 0.3-1 μιη. A finding in agreement with 
this was that in three ragweed-sensitive patients serial dilutions of each 
of the five fractions led to positive skin reactions. These findings show 
that there are airborne particles carrying allergens of dimensions much 
smaller than those of pollen, which can therefore readily penetrate into the 
lung and intrathoracic airways via ventilation. Their origin is still ob-
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scure. In nature, the allergen may be leached out from pollen and trans­
ferred to other airborne particles. Another possibility is that we are 
dealing with a different botanical material, which causes cross-reactions 
with the pollen antigen. A third possibility is that the components which 
give rise to pollinosis and bronchoconstrlction originate not only from 
pollen but also from other parts of the plant. Allergens and rapidly relea­
sed allergens are indeed found in all parts of the Ambrosia plant, not only 
during but also before and after the pollen season (11,31,32). Agarwal et 
al. (11) found large amounts of allergen before as well as during the flo­
wering season, especially in the flowers of Ambrosia eliator but also -
albeit to a lesser degree - in the other parts of the plant. Allergen from 
oak pollen is encountered in the atmosphere months after the flowering 
period (33). 
9.7. SYNTHESIS 
The originally raised question - whether pollen can penetrate into the 
airways - can be answered in the affirmative. An estimated 1-2Z of airborne 
particles with a diameter exceeding 10 μιη reach the lung (25). In oral 
breathing this percentage may increase. The poor correlation between ex­
posure and asthmatic reaction may be based on the small numbers of particles 
entering the lung, and on differences between individuals in the filter 
function of the airways and in bronchial responsiveness. A factor contribut­
ing to the poor correlation between symptoms and pollen counts is that 
airborne particles can have a respirable form both within and outside the 
pollen season, as was demonstrated for Ambrosia. The amount of allergen 
contained in minute particles (especially if resulting from aqueous elution 
of pollen in nature) is several orders of magnitude smaller than the amount 
present in pollen. This is why the Platts-Mills group (34,35) assume that 
pollen-allergic reactions in the lung result from pulmonary pollen deposi­
tion. Their assumption is that a few grains daily are deposited on widely 
different sites in the airway. Each separate grain is insufficient to cause 
a generalised bronchial obstruction, but the pollen inhaled day after day 
give rise to a protracted inflanrnatory response at an increasing number of 
sites in the airway. A corroborating fact is that bronchial hyperreactivity 
diminishes when allergens are avoided (36-38), and that this hyperreactivity 
parallels the pollen season in pollen allergy (39-46), although this has not 
been confirmed by all investigators (47-49). As a result of the gradually 
cumulative effect of exposure, the correlation between clinical symptoms of 
bronchial obstruction and daily pollen counts will be vague in most cases. 
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Most of the information about pollen deposition derives from animal studies. 
Hence further evidence that the findings are relevant for human pathophysio-
logy of asthma is called for. As the radioisotopic method was until now not 
sufficiently sensitive to detect pollen particles in the respiratory tract 
(4,25), we suggest that such experiments should be repeated with special 
caution for particle aggregation during radio labelling of the pollen 
grains. Further innovative application of filters and high speed impingers, 
as well as of immunoassays, can increasingly clarify the clinical role of 
airborne units sized below 5 (im. Furthermore, studies which employ personal 
samplers, and which take into account cumulative versus daily exposure to a 
number of allergen particles and total amount of allergen could throw fur-
ther light on the idea proposed by Platts-Mills et al. (34,35), that it is 
the number of particles deposited cumulatively on airways rather than daily 
exposure which elicits pollen asthma. 
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SUMMARY 
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SUMMARY 
Like the title of this thesis, the general introduction is also divided 
into two sections, both intended to provide more insight into a number of 
general aspects of pollen and pollinosis. 
In the first part (Chapter 2) a survey is given of the structure and func-
tion of pollen grains, and aerobiological concepts and methods are dealt 
with. The characteristics of plants causing hay fever are also discussed. 
Moreover, some aerobiological activities in the Netherlands are mentioned. 
The second part (Chapter 3) of the introduction does not centre on botany 
and biology, as the first section, but is more focused on the medical as-
pects of our theme. 
In the sections 3.1. to 3.4. the clinical aspects of pollinosis are 
discussed. Though bronchoconstriction, fever and aggravation of allergic 
dermatitis may occur in the symptomatology, they have not been dealt with 
in great detail. However, allergic rhinitis in section 3.3. and allergic 
conjunctivitis in 3.4. are amply discussed. 
In section 3.2. epidemical data about hay fever are given. They mostly 
come from the surrounding countries in which more investigations into these 
matters have been made. In 3.2.3. the factors influencing the development of 
hay fever are discussed. The risk of developing hay fever depends on an in-
herited atopic predisposition and on the degree of exposure to pollen with 
a high sensitizing capacity. The familial occurrence of atopy defined as a 
general state of enhanced (specific) IgE-responsiveness is inherited as an 
autosomal dominant character. The relevant gene seems to be located on 
chromosome llq. 
Chapter 4 reports on a study of the principal airborne and allergenic pollen 
species in the Netherlands. The list of the relevant taxa was compiled on 
the basis of the pollen lists of Leiden and Helmond, the Leiden pollen 
calendar, the hour-square frequencies of the taxa in question in the Nether-
lands, and the degree of allergenicity to the extent known. 
With these selection criteria a list of 63 plant species which we con-
sider relevant to pollinosis symptoms in the Netherlands, could be presen-
ted. 
The investigation described in Chapter 5 deals with the resulte of a com-
parable study, but it concerns only the grasses in the Netherlands. In 
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principle, all the 144 grass species growing in the Netherlands are capable 
of giving rise to pollinosis. Therefore, they were all subjected to five 
selection criteria: 1. The pollen-producing plant species should be abun­
dant; 2. The plant species should produce large amounts of pollen; 3. The 
pollen should be disseminated by the wind; 4. The pollen should be suffi­
ciently light to remain airborne over large distances; and 5. The pollen 
should contain an allergen. 
After applying these selection criteria 29 species were finally selected 
as relevant to pollinosis symptoms in the Netherlands. The selection was 
compared with the selection of grass pollen extracts now available from 
pharmaceutical firms. All pharmaceutical firms appeared to supply test 
extracts of cereal species which we regard irrelevant or at best of only 
some local importance (Zee mays. Corn) because of the small pollen produc­
tion (self-pollination), or too big pollen grains. The flowering periods of 
the 29 selected grass species were defined and they proved to differ widely. 
Some of the grass species turned out to have a second flowering period. 
These data may be of importance in characterizing various (groups of) hay 
fever patients. 
In Chapter б the study of grass pollen determination by light- and UV-mi-
croscopy is described. Since many years aerobiologists and allergologist 
have wanted to determine the airborne grass pollen grains. This is very 
difficult, because the different species of grass pollen grains look very 
much alike when light-, UV- or electron-microscopy is applied. We have tried 
to differentiate grass pollen grains by the dehydration method introduced 
by Liem. Pollen from 20 different grass species were prepared by this dehy­
dration method and then examined with a light microscope (800 x). Although 
differences were found between the grass pollen species, they were marked 
insufficiently to provide a key to identification of all the 20 species. Two 
grass species were found to show typical dehydration features permitting 
their identification. Therefore, a new effort was made and pollen from 21 
grass species was studied, using incident UV light microscopy. The colour 
of the cytoplasm, the colour shift of the cytoplasm, the colour of the 
pollen wall layers and the intensity of the autofluorescence were measured. 
By this autofluorescence technique IS of the 21 grass pollen species could 
be identified. A key to 21 airborne and allergenic pollen of grasses is 
presented. The processing of the pollen grains for autofluorescence studies 
like the embedding in glycerine and phosphate buffer, is as yet incompat­
ible with the current volumetric airborne pollen sampling technique. The 
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various embedding media, necessary for volumetric pollen sampling like 
vaseline petroleum jelly, silicone oil, etc. are autofluorescing and disturb 
the method. 
Chapter 7 and Chapter 8 report on our most comprehensive studies about the 
prediction of the start of the grass pollen season, for the sake of pol­
linosis patients. There is no consensus about the starting date of the 
pollinosis season, and the grass pollen season. Partly as a result of this, 
comparable groups of hay fever patients show considerable diversity in the 
start and duration of seasonal medication. An accurate prediction of the 
start of the grass pollen period would make closer definition of the period 
when patients with pollinosis should take medication possible. A new method 
to define the start of the grass pollen season is presented. It identifies 
the date when at a certain location the accumulated total (from 1 Jan.) of 
24 h. of average grass pollen concentrations (No./m3) reaches 100. This 
method is called the ΣΙΟΟ-method. 
In Chapter 7 the results are given of the study performed with the daily 
pollen concentrations of grasses (Poaceae), oaks (Quercus) and birches 
(Be tula), performed at the Leiden University Hospital, situated in the 
Western part of the Netherlands. Using the phenological method over the 
years 1977-1985, with the birch (Σ125»χ) as the indicator plant, the start 
of the grass pollen period (Σ100"ζ) could be predicted more than twice as 
accurately as would have been possible if it had solely been based on the 
mean starting dates in the preceding years. The predicted starting date (z) 
can be calculated by the equation ζ - 0.68x + 65.33 (x and ζ as day-of-the-
year numbers), SD - 1.6 day, r - 0.86, η - 9. The SD of the Σ100 grasses is 
4.6 days, the efficacy of the prediction method 65.2Z. 
Chapter 8 reports about a comparable study performed in the southern part 
of the Netherlands. This study was based on observations of the daily pollen 
concentrations of grasses (Poaceae), oaks (Quercus), birches (Betula), pines 
(Pinus), willows (Salix), ashes (Fraxinus) and dock (Rumex) performed at 
Helmond during the years 1981 through 1985. In order to trace a phenological 
relationship for the prediction of the start of grass flowering, the start­
ing dates of the flowering of all the above-mentioned plants were deter­
mined. Also at Helmond it turned out that with the same phenological method 
as was used at Leiden, the start of the grass-pollen season (ΣΙΟΟ-ζ) could 
be predicted much more accurately than would have been possible solely on 
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the basis of the mean starting dates in the preceding years. Also here the 
birch (Σ25-Χ) was used as the indicator plant. The predicted starting date 
(z) can be calculated by the equation г - 0.44x + 95.46 (x and ζ as day--
of-the-year numbers), SD - 3.6 days, r = 0.83, η -5. The SD of the ΣΙΟΟ-me-
thod of grasses is 5.6 days, the efficacy of the prediction is 35.72. Com­
paring the birch and the grass-pollen counts, it is evident that the Σ-li-
mits were attained earlier at Helmond than at Leiden. These differences in 
results are discussed. 
From Chapter 7 and Chapter 8 we can conclude that the start of the flowering 
of grasses after dormancy may be dependent on the weather conditions at the 
time of the event or shortly before, but also and perhaps even more on those 
of the preceding season. 
Why some pollinosis patients develop pollen asthma, while others suffer only 
from rhinoconjunctivitis is not clear. Chapter 9 deals only with one aspect 
of this question. The factors influencing the penetration of pollen grains 
into the lower airways are considered. The poor correlation between pollen 
exposure and reactive bronchial obstruction may be based on the small num­
bers of particles entering the lung. Probably only a few pollen grains are 
deposited every day on widely different sites in the airway. Each separate 
grain is insufficient to cause a generalised bronchial obstruction, but the 
pollen inhaled day after day gives rise to a protracted inflammatory re­
sponse at an increasing number of sites in the airway. As a result of the 
gradually cumulative effect of exposure, the correlation between clinical 
symptoms of bronchial obstruction and daily pollen counts will be vague in 
most cases. Although it is generally assumed that larger particles such as 
pollen grains cannot penetrate into the lower airways, we suppose that an 
estimated 1-2Z of airborne particles with a diameter exceeding 10 μιη reach 
the lung and can only in this way cause pollen asthma in some pollinosis pa­
tients. 
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Conclusion 
With the studies presented in this thesis we have: 
determined which plant species are relevant to pollinosis symptoms in the 
Netherlands; 
introduced a new method (UV microscopy) for grass pollen determination; 
performed a new phenological method to predict the start of the grass 
pollen season and 
explained how pollen asthma can develop in some pollinosis patients. 
With these studies we have tried to contribute to the knowledge about pollen 
as far as relevant for a better understanding of pollinosis. In this way the 
diagnostic and therapeutic intervention measurements on behalf of pollinosis 
patients can be improved. 
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SAMENVATTING 
De inleiding van het proefschrift valt, evenals de titel, uiteen in twee 
delen, die als doel hebben inzicht te krijgen in een aantal algemene as-
pecten van pollen en pollinosis. 
In het eerste gedeelte (Hoofdstuk 2) wordt een overzicht gegeven van de 
bouw en functie van pollenkorrels, en worden aerobiologische begrippen en 
methoden behandeld. Karakteristieken van hooikoorts-veroorzakende planten 
worden eveneens besproken. Tevens wordt het een en ander vermeld over aero-
biologische activiteiten in Nederland. 
In het tweede gedeelte (Hoofdstuk 3) van de inleiding staat niet de biolo-
gie/botanie centraal, zoals in het eerste deel, maar wordt meer vanuit de 
geneeskunde gekeken naar het onderwerp. 
In S 3.1 tlm 3.4 worden de klinische aspecten van pollinosis behandeld. 
Ofschoon bronchoconstrictie, koorts en exacerbatie van allergische dermati-
tis deel kunnen uitmaken van de symptomen, worden deze verschijnselen niet 
uitvoerig besproken. Wel wordt uitvoerig ingegaan op de allergische rhinitis 
(3.3) en de allergische conjunctivitis (3.4). 
In f 3.2 worden epidemiologische gegevens behandeld van hooikoorts die 
vooral afkomstig zijn uit ons omringende landen, waar meer onderzoek in deze 
richting werd verricht. In f 3.2.3. worden de risicofactoren besproken die 
kunnen leiden tot hooikoortsklachten. Tevens wordt vermeld dat atopie ge-
definieerd als een versterkte (specifieke) IgE responsiviteit overerft 
volgens autosomaal dominante wijze en dat het betreffende gen gelocaliseerd 
is op chromosoom llq. 
In hoofdstuk 4 wordt verslag gedaan van het onderzoek naar de belangrijkste 
pollen met allergische eigenschappen, die voorkomen in de Nederlandse atmos-
feer. Deze selectie vond plaats op basis van a) de pollenlijsten van Leiden 
en Helmond, b) de uurhokfrequentieklasse van de betreffende planten in 
Nederland en c) de mate van allergeniciteit van het pollen voor zover be-
kend. Met behulp van deze selectie-criteria kon een lijst van 63 planten-
soorten worden opgesteld. 
Hoofdstuk 5 geeft een vergelijkbaar onderzoek weer, maar het betreft hier 
alleen de grassen in Nederland. Voor zowel de diagnostiek als voor de the-
rapie van pollinosis is het van belang inzicht te hebben welke van de 144 
in Nederland voorkomende grassoorten relevant geacht kunnen worden met be-
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trekking tot hooikoortsklachten. Met behulp van 5 selectie-criteria werd 
een lijst van 29 grassoorten opgesteld. Een vergelijking met de momenteel 
door de farmaceutische industrieën leverbare graspollen extracten werd 
gemaakt. Hierbij bleek o.a. dat alle farmaceutische firma's testextracten 
van graansoorten leveren die door ons niet of hoogstens zeer locaal van 
belang werden geacht wegens de geringe pollenproductie (zelfbestuiving) of 
de te grote pollenkorrels. De bloeiperiode van de 29 geselecteerde grassoor-
ten bleek sterk uiteen te lopen, hetgeen van belang kan zijn voor de karak-
terisering van verschillende (groepen) hooikoortspatiënten. 
In hoofdstuk б wordt verslag gedaan van het graspollen-determinatie-onder­
zoek. Reeds vele jaren leeft bij aerobiologen en allergologen de wens om de 
in de lucht zwevende graspollenkorrels morfologisch te differentiëren. Dat 
is niet eenvoudig aangezien de verschillende soorten graspollenkorrels heel 
sterk op elkaar lijken, zowel met licht-, UV- en electronenmicroscopie. Met 
behulp van een dehydratie-methode werden preparaten gemaakt van 20 soorten 
graspollenkorrels die werden onderzocht met lichtmicroscopie (800x). De 
verschillen bleken echter te gering voor identificatie van 18 soorten, 
slechts 2 soorten hadden een typisch dehydratie-profiel dat herkenbaar was. 
Daarom werd een nieuwe poging ondernomen om met een nieuwe techniek van 
autofluorescentie door middel van UV-microscopie graspollen-determinatie 
mogelijk te maken. De kleur van het cytoplasma en van de pollenkorrelwand, 
de kleurverandering tijdens de UV-bestraling van het cytoplasma en de inten-
siteit van de autofluorescentie zijn hierbij van belang. Met deze techniek 
waren 15 van de 21 onderzochte graspollensoorten te identificeren, zodat een 
determineersleutel kon worden opgesteld. Momenteel is de autofluorescentie-
techniek met UV-lichtmicroscopie niet toepasbaar in de praktijk van de 
dagelijkse pollentellingen, zoals die momenteel in Leiden en Helmond plaats-
vinden, o.a. omdat het opvangmedium voor de pollen te sterk autofluores-
ceert. 
In hoofdstuk 7 en 8 wordt verslag gedaan van het onderzoek waar wij het 
langste aan hebben gewerkt: de bepaling en de voorspelling van het gras-
pollenseizoen ten behoeve van de behandeling van pollinosis patiënten. In 
de literatuur bestaat geen eenstemmigheid over de begindatum van het hooi-
koorteseizoen, en ook niet over de begindatum van het graspollenseizoen. 
Mede ten gevolge hiervan bestaat er een grote spreiding in het begin en 
tevens in de duur van de seizoengebonden medicamenteuze hooikoortsbehan-
deling bij vergelijkbare patiëntengroepen. Met een nauwkeurige voorspelling 
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van het begin van het graspollenseizoen kan de periode waarin de hooikoorts-
patiënten medicatie dienen te gebruiken exacter worden vastgesteld. Het 
begin van de bloei van grassen werd gedefinieerd als die datum in het jaar 
waarop de som van de gemiddelde aantallen graspollenkorrels per m3 lucht per 
24 uur berekend vanaf 1 januari 100 bedraagt, de zgn. ΣΙΟΟ-methode. 
In hoofdstuk 7 worden de resultaten vermeld van het onderzoek dat werd 
verricht met de dagelijkse pollentellingen uit Leiden van de grassen (Poace-
ae), de eik (Quercus) en de berk {Betuia) gedurende de jaren 1977 t/m 1985 
(9 jaar). De pollentellingen werden verricht met de Burkard pollenverzame­
laar. Met behulp van een fenologische methode waarbij de berk (Σ125-Χ) als 
indicatorplant werd gebruikt, kon het begin van de bloei van grassen (Σ100) 
meer dan tweemaal zo nauwkeurig worden voorspeld dan mogelijk zou zijn op 
basis van slechts de gemiddelde begindatum van de bloei van de grassen. De 
te voorspellen datum (ij) kan worden berekend met behulp van de formule 
ij-0,68x + 65,33 (x en ij in dagnummers van het jaar), SD - 1,6 dag, r -
0,86, η - 9. Aangezien de SD van de ΣΙΟΟ-methode grassen 4,6 dag is, be­
draagt de effectiviteit van de voorspelling 65,2Z. 
In hoofdstuk 8 worden de resultaten vermeld van een vergelijkbaar onderzoek 
dat werd uitgevoerd met de dagelijkse pollentellingen uit Helmond van de 
grassen (Poaceae), de eik (Quercus), de berk (Betuia), de den (Pinus), de 
wilg (Salix), de es (Fraxinus) en de zuring (Rumex) gedurende de jaren 1981 
t/m 19Θ5 (5 jaar). Ook in Helmond bleek dat met dezelfde fenologische me­
thode die bij de predictie in Leiden werd gebruikt het begin van het gras­
pollenseizoen (ΣΙΟΟ-y) aanzienlijk nauwkeuriger voorspeld kon worden dan 
mogelijk zou zijn op basis van slechts de gemiddelde begindatum van het 
graspollenseizoen. De berk (X25-x) werd hierbij eveneens als indicatorplant 
gebruikt. De te voorspellen begindatum van het graspollenseizoen in Helmond 
(y) kan worden berekend met de formule y = 0,44x + 95,46 (x en y in dag­
nummers van het jaar). SD - 3,6 dagen, r - 0,83, η - 5. Aangezien de SD van 
de ΣΙΟΟ-methode grassen 5,6 dagen is, bedraagt de effectiviteit van de 
voorspelling 35,71. In Helmond worden de diverse Σ-grenzen voor zowel de 
berk (7-10 dagen) als de grassen (2-5 dagen) eerder bereikt dan te Leiden. 
Het verschil in onderzoeksresultaten te Helmond en Leiden wordt in dit 
hoofdstuk besproken. 
De onderzoeksresultaten van hoofdstuk 7 en 8 geven aanleiding tot de con­
clusie dat het begin van de bloei van grassen niet alleen afhankelijk is 
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van de weersomstandigheden, kort voorafgaande aan de bloei, maar ook en 
waarschijnlijk zelfs vooral van die tijdens de voorafgaande maanden. 
In verband met de vraag of pollen in de diepere luchtwegen kan doordringen 
en zodoende pollenastma kan veroorzaken, wordt in hoofdstak 9 besproken wat 
de determinanten zijn van depositie van partikels in de luchtwegen en waar 
de depositie plaatsvindt. De slechte correlatie tussen pollenexpositie en 
bronchusobstructieve reactie berust mogelijk op de lage aantallen pollenkor-
rels die in de long terecht komen. Waarschijnlijk komen enkele pollenkorrels 
per dag in de lagere luchtwegen op zeer verschillende plaatsen. Elke korrel 
op zichzelf is onvoldoende om een gegeneraliseerde bronchusobstructie te be-
werkstelligen, maar het van dag-tot-dag ingeademde pollen geeft aanleiding 
tot een toenemend aantal plaatsen in de luchtweg waar een geprotaheerde 
inflammatoire respons optreedt. Door het geleidelijk cumulerende effect van 
de expositie is de correlatie tussen de klinische verschijnselen van bron-
chusobstructie en de dagelijkse pollentellingen in het algemeen onduidelijk. 
Pollenastma lijkt dus wel veroorzaakt te kunnen worden door penetratie van 
pollenkorrels in de lagere luchtwegen. 
Conclusie 
Met ons onderzoek hebben wij meer inzicht gekregen in welke plantensoorten 
in Nederland relevant zijn met betrekking tot hooikoortsklachten. 
Door middel van de introductie van een nieuwe methode, de UV electronen 
microscopie, bleek morfologische graspollendeterminatie aanzienlijk beter 
mogelijk dan voorheen het geval was. 
Met behulp van een nieuwe phenologische predictiemethode bleek het begin 
van het graspollenseizoen goed te voorspellen. 
Door middel van literatuuronderzoek kon verklaard worden hoe pollenastma 
bij sommige patiënten met pollinosis ontstaat. 
Met deze studies hebben wij gepoogd een bijdrage te leveren aan de kennis 
over pollen, voor zover van belang voor een beter begrip van pollinosis. 
Met onze resultaten kunnen diagnostische en therapeutische maatregelen ten 
behoeve van pollinosis patiënten worden verbeterd. 
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terdagverblijf Maria-Christina te Nijmegen, en vanaf april 1979 tevens 
half-time werkzaam op het Universitair Longcentrum van het Medisch Centrum 
Dekkerswald te Groesbeek. Vanaf januari 1989 is hij daarnaast als consulent 
verbonden aan de kinderkliniek van het St Radboud, Academisch Ziekenhuis 
Nijmegen (wnd. hoofd: prof. dr. R.C.A. Sengers) in verband met de klinische 
behandeling van cystic fibrosis patiënten. 
Hij is lid van 10 geneeskundige en 2 botanische verenigingen. 
Sinds 1972 is hij getrouwd met Marli Fortuin; zij hebben twee kinderen, 
Wieneke en Wouter. 
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STELLINGEN 
behorend bij het proefschrift 
POLLEN AND POLLINOSIS 
Medical and botanical aspects 
M.N.В.M. Driessen 
I 
Voorspelling van het begin van de bloei van de grassen is van belang voor 
hooikoortspatiënten die seizoensgebonden medicatie gebruiken. 
Dit proefschrift. 
II 
Met de fenologische methode waarbij de berk als indicatorplant wordt ge-
bruikt, kan het begin van de bloei van grassen meer dan tweemaal zo nauw-
keurig worden voorspeld als mogelijk is op basis van slechts de gemiddelde 
begindatum van de bloei van de grassen. 
Dit proefschrift. 
III 
De samensteling van het assortiment beschikbare (gras)pollen extracten van 
de verschillende farmaceutische firma's berust op traditie en niet op weten-
schappelijk onderzoek. 
Dit proefschrift. 
IV 
Tijdens onderhoudsbehandeling met beclometason-dipropionaat per inhalatie 
in een gebruikelijke dosering bij kinderen wordt de functie van de hypo-
fyse-bijnieras beïnvloed, waardoor het vermogen van de bijnier om optimaal 
te kunnen reageren in stress-situaties zoals bij een acute astma-aanval, 
verminderd kan zijn. 
Pijls NHJ et al. The Lancet 1984:173-174. 
V 
Indien de medicamenteuze behandeling van ernstig allergisch astma of aller-
gisch eczeem onvoldoende resultaat blijkt te hebben, dient gericht onderzoek 
naar voedingsallergie plaats te vinden. 
Driessen MNBM et al. Samenv. 10e congr. Ned. 
Ver. Kindergnsk. 1988:45-46. 
VI 
Het al of niet aanwezig zijn van Aspergillus fumigatus in het sputum is van 
geringe diagnostische betekenis voor het stellen van de op de kinderleeftijd 
te weinig gestelde diagnose "allergische bronchopulmonale aspergillose". 
Driessen MNBM. Samenv. 3e congr. Ned. Ver. 
Kindergnsk. 1981: 71-72. 
VII 
Schimmels zijn xerofoob; bij een relatieve vochtigheid < 701 kunnen de 
meeste niet leven. Op deze eigenschap berust de preventie van schinmelgroei 
in het algemeen en in de blokfluit in het bijzonder. 
Driessen MNBM. Tijdsch. Jeugdgez. zorg 1984; 
16:26-28. 
Vili 
Het stellen van de diagnose hypothalamisch-hypofysair syndroom van verma-
gering (syndroom van Russell), hetgeen gekenmerkt wordt door ernstige verma-
gering ondanks normale voedsel opneming bij ongestoorde lengtegroei, gebeurt 
doorgaans helaas pas geruime tijd na het optreden van de eerste verschijn-
selen. 
Driessen MNBM. Ti jd sehr .Kindergnsk 1981; 49: 
131-139. 
IX 
Chronologische ordening van de items in de Denver Ontwikkelings-Screenings-
test (DOS) verhoogt de bruikbaarheid van deze test aanzienlijk. 
Driessen MNBM. Swets en Zeitlinger, 1985. 
X 
Voor het oriënterend onderzoek naar het ontwikkelingsniveau van het jonge 
kind is de DOS goed bruikbaar, voor screening op ontwikkelingsstoornissen 
is zowel de DOS als het nieuwe Van Wiechenschema te gebruiken. Op grond 
hiervan dient invoering van de DOS op het consultatiebureau te worden over-
wogen . 
Driessen MNBM. Tijdsch Jeugdgez.zorg 1985; 
17:87. 
XI 
Ongewenste zwangerschap bij minderjarigen lijkt in een aantal gevallen mede 
een gevolg van handhaving van de traditionele sexuele restrictiviteit. In 
een permissief sexueel klimaat blijken contraceptieve maatregelen beter te 
worden uitgevoerd. Het ligt voor de hand dat voor een aantal preventieve 
maatregelen tegen AIDS hetzelfde geldt. 
Driessen MNBM. Eur. Press Medikon, Ghent, 
Belgium, 1975. 
XII 
Floristische inventarisaties van natuurgebieden kunnen eenvoudig worden 
uitgevoerd door amateur-ve ld biologen, en kunnen direct en indirect een bij-
drage leveren aan de milieubescherming. 
Driessen MNBM. De Levende Natuur 1986; 
87:9-12. 
XIII 
Je kinderen zijn je kinderen niet. 



